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VoL. 42° No. 393 


THE STRATIGRAPHY OF THE “MAIN LIMESTONE” OF THE 


KIRKUK, BAI HASSAN, AND QARAH CHAUQ DAGH 


STRUCTURES IN NORTH IRAQ * 


By Dr. R. C. VAN BELLEN jf 


SUMMARY 


The ** Main Limestone ”’ consists of strata of ?Paleocene, ?Lower Eocene, Middle Eocene, Upper Eocene, 
Lower Oligocene, Middle Oligocene, and Upper Oligocene age in the area under consideration. 


Palzocene 


and Eocene sequences are controlled by open shoal reefs, whereas the Oligocene deposits are governed by fringing 


reefs. 


INTRODUCTION 


THE great Kirkuk oilfield was discovered in 1927. 
Its local and regional stratigraphy have been dealt 
with briefly in previous publications by, amongst 
others, Baker,®:* 7 Daniel,!° Henson,!® and 
Nicolesco.?* 

This article deals with the Tertiary resérvoir of the 
Kirkuk oilfield and its time equivalents in the nearby 
Bai Hassan and Qarah Chauq Dagh structures. 

A sketch map (Fig 1) shows the topographical 
setting of the area, and a more detailed map (Fig 2) 
gives such topographical terms as are used in this 
article, as well as the structural subdivisions of the 
anticline involved. 

The term “ Main Limestone ”’ is in current use to 
designate the Tertiary reservoir of the Kirkuk field. 
Its age varies greatly, from perhaps Paleocene to 
‘Middle Oligocene, along this structure. 

This “‘ Main Limestone ”’ underlies the Lower Fars 
formation (Pilgrim, SW. Persia, 1908), which is com- 
posed of alternating red and blue clays, siltstone, 
gypsum or anhydrite, salt, and limestone in varying 
proportions. The base of this Lower Fars formation 
is formed by a conglomerate—the so-called Basal 
Fars conglomerate. This straddles an erosional gap, 
the amplitude of which increases from south-east to 
north-west. 

Since its discovery the producing formation of the 
Kirkuk field has always been recognized as a reef and 
shoal deposit with lithological subdivisions which 
obviously affect the distribution and production of 
oil. Detailed stratigraphical, petrological, and palz- 
ontological studies were consequently undertaken on 
some 20,000 thin sections representing some 45,000 
ft of borehole. This study was extended to adjacent 
areas, the Qarah Chauq Dagh structure and the Bai 
Hassan structure, in order to gain a better insight in 
the stratigraphy, the reservoir characteristics, and the 
areal distribution of this ‘‘ Main Limestone.” 

Publication of the results of this investigation at 


the present time is appropriate in view of the current 
interest in reef-controlled reservoirs throughout the 
world. 

All three structures are elongated anticlines. That 
of Kirkuk is about 60 miles long, with an axis running 


4 
Pig: 1: 
TOPOGRAPHICAL MAP 
SHOWING LOCATIONS 
KIRKUK , BAI HASSAN & 
QARAH CHAUQ D. 


SCALE OF MILES 
20 49 


in a north-western-south-eastern direction. This 
anticline is divided into three domes by two saddles : 
from north-west to south-east the Khurmala dome, 
the Dibega saddle, the Avanah dome, the Amshe 
saddle, and the Baba dome. The south-eastern 


plunge of the Baba dome is known as the Tarjil 
plunge. 


* MS received 1 December 1955. 


+ Divisional Paleontologist, Iraq Petroleum and Associated Companies Ltd., Kirkuk, Iraq. 
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Fig.3 
WELL LOCATIONS ON 2 
KIRKUK & BAI HASSAN ANTICLINES 
SCALE oF 
° 10 


The position of the wells mentioned in the text is Combination of all these factors gives the following 
shown in Fig 3, the more important ones also appear in _ possibilities : 
Fig 33. 

The Qarah Chauq Dagh structure has an axis 
roughly parallel to the one of Kirkuk, and is located 
about 12 miles south-west of it. Two domes, the 
northern and the southern, are separated by a saddle, 


(a) sea-level constant ; 

(6) rise of sea-level (transgression)— 
(i) reef growth outbalances transgression, 
(ii) reef growth does not keep pace with 


the Makhmur saddle. The Lower Fars cover, which transgression ; 

prevents surface study of the ‘“‘ Main Limestone ”’ of (c) subsidence of sea-level (regression)— 
Kirkuk, has been eroded off this anticline, leaving (i) reef growth outbalances regression, 
part of the ‘‘ Main Limestone” exposed. The loca- (ii) reef growth does not keep pace with 


tion of the surface sections of this structure which regression ; 
have been mentioned in the text can be found in Figs 2 (d) subsidence of sea-level (regression) balances 
end 38. reef growth ; 

Finally, the Bai Hassan anticline, again roughly (e) rise of sea-level (transgression) balances 


parallel to the Kirkuk anticline, runs about halfway 


between Qarah Chauq Dagh and the Kirkuk structure. reef growth. 


The basic idea that, under conditions of constant 


sea-level—case (a)—the reef will grow over its own 
SOME THEORETICAL CONSIDERATIONS fore-reef deposits was known before,!® but it is of 


The subject of the influence of transgressions and interest to pursue the matter somewhat further. 


regressions on the stratigraphy of reef-controlled sedi- The reason why a reef, left to its own devices, will 
ments has been touched upon rather briefly by Hen- indeed grow over its own fore-reef needs hardly any 
son,!® Link,?* and Cloud,® amongst others. explanation. The reef grows best along its offshore 


Systematic theoretical inquiry into the processes rim, where it receives continuously food, oxygen, etc. 
involved and the results obtained, however, had not These factors occur on top of the reef as well, but 


yet been embarked upon. vertical growth is limited by sea-level. Growth along 
It is necessary to set down the author’s views on that outside rim is therefore fastest. 

these matters, as the conclusions reached are pertinent Down-slope growth of the reef is, moreover, limited 

to the problems met with in the explanation of the by the well-known ecological depth limit of 50-60 

stratigraphy of the “ Main Limestone.”’ metres,?1:P. 417. 


The existence of a shelf, either slowly sloping sea- Figs 4 and 5 show diagrammatically what will 
wards or horizontal, is assumed in all cases, whereas happen under stable conditions. Fig 4 shows the 
climatic conditions, supply of larve, etc., have been first stage, Fig 5 the result after a number of stages. 
considered as constant. Whilst a reef grows seawards, patches of dead reef 

There are thus two interplaying factors: speed of are left behind. Solution and decay, loss of cohesion, 
reef growth and change of sea-level. The last factor etc., result in the slow disappearance of such reef 
can be split into three separate ones : rise of sea-level, patches. It is obvious that, the longer those destruc- 
subsidence of sea-level, and constancy of sea-level. tive forces can operate, the less will be left of the aban- 


DIAGRAM SHOWING THE RELATIONSHIP BETWEEN 


a REEF, FORE-REEF & GLOBIGERINAL DEPOSITS 
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doned reef and the more area can thus be added to 
the lagoon. 

The outside limit of the lagoon therefore also moves 
seawards, and the lagoon thus becomes wider as its 
shoreward side is stable.* 

However, the most interesting and the most im- 
portant conclusion from Figs 4 and 5 is that, except for 
the area immediately adjacent to the shore, where the 
upward slope of the sea bottom forces the lagoonal 
sediments to become thinner, the combined thick- 
nesses of reef plus back-reef will remain virtually 
constant. 

It is equally interesting to find that this combined 
thickness is strongly influenced by the above- 
mentioned ecological depth limit, which puts a maxi- 
mum to it of 50-60 m (165-200 ft). 

The thickness of the fore-reef deposits is completely 
dependent on the configuration of the sea bottom. 


deposits will either be constant or it will increase 
slowly seawards, dependent on the slope of the shelf. 

The foregoing remarks deal, admittedly rather 
schematically, with reef growing on a stable platform. 
One can imagine a number of variations on this theme. 
Basically, it would seem that the conditions mentioned 
above must be fulfilled as long as the shelf remains 
stable. A vertical section through such reef associa- 
tion or ‘‘ cycle ’’ can be understood from Fig 5. From 
top to bottom the following is found : 


(top) back-reef 
reef 
fore-reef 
(bottom) off-shore sediments 


The next stage in the discussion is the examination 
of the result of reef growth with rising sea-level, on 
a subsiding shelf. Two possibilities must be dis- 


Fig-5 


DIAGRAM SHOWING A REEF GROWING OVER ITS OWN 
FOREREEF DEPOSITS UNDER CONDITIONS 
OF STATIC SEA LEVEL 


(3 


Various stages of the reef (timelines). 
Back-reet(final stage). 

Reef (final stax). 


ed reef 


Fore-reef (final stage) . 


and backreef thicknesses. - 


Its top should be reasonably horizontal, however, 
dependent as it is on the 50-60 m depth. 

In the case that the sea bottom is a level shelf, the 
thickness of the fore-reef deposits will be constant 
over distances dependent on the width of the shelf and 
the duration of stable conditions. 

If the sea bottom slopes gently, increase of thickness 
of the fore-reef sediments seawards must be antici- 
pated. 

Thus, a reef growing on a stable horizontal or gently 
sloping shelf will be characterized by constant thick- 
ness of the combined back-reef and reef facies, not 
exceeding the 50-60 m thickness maximum set by the 
ecological depth limit. The thickness of the fore-reef 


tinguished : reef growth outbalancing the rise of sea- 
level and reef growth not keeping pace with such rise. 

In the case of a transgression associated with reef 
growth which is more than strong enough to balance 
rising sea-level (case (b/i)), the configuration of the 
sea bottom is of prime importance. A slowly sloping 
or sub-horizontal shelf is assumed. 

The reef will then first of all grow vertically upwards 
following the rising sea-level. Secondly, the reef will 
shed fore-reef debris, which will fill up the gap existing 
between the sea bottom at any one moment and the 
repeatedly mentioned ecological depth limit of 50- 
60 m. Thus, the reef will not only be able to grow 
vertically, it will also grow sub-horizontally seawards. 


* It is by no means claimed that no reef knolls can grow 
behind the reef, in the lagoon, but a proper reef wall will not 
be formed. 

+ If the reef originally grew on a submarine ridge, it is 
possible that the lagoon behind that ridge was originally 
deeper than the 50-60 m allowed for by the reef growing 
organisms themselves. It seems inconceivable, however, that 
such submarine ridge would proceed seawards with the reef 


and at the same speed as its horizontal growth. Therefore, 
after the reef has shed enough fore-reef debris in front of 
itself, it could ‘‘ step ’’ from the ridge on to its own fore-reef 
debris and proceed growing seawards, followed by its lagoonal 
sediments. These may thus be thicker than 50-60 m behind 
the submarine ridge, but will decrease in thickness on approach- 
ing the ridge. Thickness will remain constant seawards of 
the ridge (see also Kuenen #!,P. 45°). 
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It will thereby increase the size of its lagoon hori- 
zontally as well as vertically, grow over its own fore- 
reef deposits, and in general behave quite like a reef 
growing on a stable platform. But, because the trans- 
gression enables the reef to grow vertically, the depth 
of the lagoon will be affected to such an extent that the 
thickness of the back-reef sediments will exceed the 
limits imposed upon it under stable conditions. 

The thickness of the fore-reef sediments, whether 
the sea bottom is horizontal or slowly sloping, will 
increase seawards over a short distance, subsequently 
tailing off into off-shore sediments. 

A vertical section through this kind of reef associa- 
tion will obviously be quite like the one produced by 
development of a reef on a stable shelf, except for the 
thickness to be expected : 

(top) back-reef 
reef 
fore-reef 
(bottom) off-shore sediments 


Another possibility, falling within the same general 
conditions of reef growth outbalancing the trans- 
gression, is that the reef cannot produce enough fore- 
reef debris to fill up the gap between sea bottom and 
ecological depth limit. Horizontal growth being 
limited by lack of suitable environment, a high reef 
wall will be found. Fore-reef sediments will be thick 
immediately in front of the reef, but will peter out 
rapidly seawards. Movement of the reef will not be 
possible, and conditions must therefore centre on 
vertical growth. Lagoonal depth will increase. As 
long as the reef does not move horizontally, the differ- 
ent facies will remain in their original position and 
increase their thicknesses in situ. The stratigraphy 
in any particular vertical section should meet there- 
fore only one facies, dependent on where the section is 
located. 

The third case to deal with is (b/ii), where rise of 
sea-level outbalances reef growth. 

Because of the rise of sea-level, the 50-60 m depth 
line shifts continuously shorewards, and the reef will 
therefore tend to follow it, covering former back-reef 
deposits and trailing behind it fore-reef deposits, 
which cover older drowned reef and back-reef. The 
thickness distribution is in all cases completely de- 
pendent on the configuration of the sea bottom and 
the relative speed of the transgression. Whereas, 
however, in the former cases vertical successions show 
off-shore deposits at the base, passing upwards via 
fore-reef to reef—back-reef deposits at the top, the 
succession in the case here considered shows the re- 
verse, namely 

(top) off-shore sediments 
fore-reef 
reef 

(bottom) back-reef 


This characteristic is enough to distinguish this case 
from any others. 

There remains now to be discussed the case of reef 
growth under regressive conditions. The first possi- 


bility, reef growth being strong enough to seek out 
places still available for settling (case (c/i)) is dealt 
with first. 

The regression will destroy continuously former reef 
and back-reef deposits when they come above sea- 
level. The extent of remaining reef and back-reef 
after regression has ceased should therefore be small, 
probably in the form of a narrow belt. The combined 
thicknesses of reef and back-reef in that narrow belt 
should never exceed 50-60 m. The thickness of the 
fore-reef sediments is completely dependent on the 
configuration of the sea bottom. 

There are some interesting points in this case which 
merit attention. Whatever the slope of the sea bot- 
tom, the addition of fore-reef debris will tend to 
steepen it. That means that at any one moment the 
horizontal distance between the zero depth line and 
the 50-60 m depth line will be smaller than some time 
before and larger than some time later. Consequently, 
the available area for actual reef building will decrease 
with progressive regression. At the same time, 
regression will bring former reef deposits above sea- 
level, whereby they will be destroyed. 

Since, however, the area of reef growth becomes 
narrower, the supply of detritus will grow smaller, and 
this adds to the ultimate narrowness of the reef belt, 
because at times not enough debris will be available 
to reduce the depth of the sea bottom to reef building 
level. 

It seems, therefore, that if regression lasts long 
enough, the reef, although growing vigorously, cannot 
survive as an effective reef wall. 

The result must therefore be that the ultimate 
association will consist of a narrow reef belt—if it 
managed to survive—backed by an equally narrow 
back-reef belt (former back-reef being brought above 
sea-level continuously by the regression) and with a 
sheet of fore-reef sediments in front of it. 

A vertical succession would yield the following : 


(top) back-reef 
reef 
fore-reef 
(bottom) off-shore sediments 


This is substantially the same succession as in the 
case of reef growth on a stable shelf, but with the most 
important difference of the narrowness of back-reef 
and reef belts and the absence of any area of constant 
back-reef and reef thickness. 

In the last case of interest (c/ii)), reef growth 
cannot keep up with regression, and the existing reef 
is doomed to die without migration. If it migrates at 
all it will migrate seawards. The-depth of the lagoon 
will become continuously shallower, and back-reef 
deposits will therefore decrease in thickness seawards. 

There are still cases (d) and (e) to be discussed. It 
seems inconceivable that such delicate balance would 
persist through any length of time. And in any case 
the result of (d) would be substantially the same as in 
case (b/i), and the result of (e) would be very simi!sr to 
that of case (c/i). 
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It is now possible to replace this entire discussion 
by the details given in Table I. 


TABLE I 
Thickness 
Vertical 
succession 
Back-reef plus reef Fore-reef 
Shelf stable Constant over large | Constant or slowly| Back-reef 
distances, total less| increasing sea- | Reef 
than m or} wards Fore-reef 
equal to that Off-shore sedi- 
amount ments 
Rise of sea-level | I ing t ds | I ing seawards | Back-reef 
outbalanced by the sea, to total of} or constant, but/ Reef 
reef growth more than 50 to| alwaysthickerthan | Fore-reef 
60 m under stable con- | Off-shore sedi- 
ditions ments 
Rise of sea-level ? ? Off-shore sedi- 
outbaiances reef ments 
growth Fore-reef 
Reef 
Back-reef 
Subsidence of | Narrow belt, thick- | Decreases seawards | Back-reef 
sea-level out-| ness increases from Reef 
balanced by reef| zero near shore to Fore-reef 
growth maximum of 50- Off-shore sedi- 
60 m immediately ments 
behind reef 
Subsidence of | Decreases rapidly | Depends on relative) Back-reef 
sea-level out-| seawards, while | strength of subsi-| Reef 
balances reef| subsidence over-| dence Fore reef 
growth comes reef growth Off-shore sedi- 
ments 


It will be seen from Table I that in four cases the 
vertical succession strongly suggests active regression, 
but in two cases the suggestions are false. In all these 
cases, near-shore sediments occur on top of off-shore 
ones. One case concerns the situation under stable 
conditions, and in this case the suggestion of regression 
is therefore a false one. A second case is the one aris- 
ing from a reef growing strongly under conditions of a 
slow rise of sea-level. Again, the suggestion is a false 
one. The third case offers a genuine suggestion of 
regression: strong reef growth under conditions of 
slow subsidence of sea-level. Finally, the fourth case, 
subsidence of sea-level outbalancing reef growth again 
offers a genuine suggestion. In this case, however, it 
seems highly doubtful whether migration of the reef 
will ever take place on any but a limited scale. 

Admittedly, there are other distinguishing charac- 
teristics, but nevertheless the terminology of Henson 
and Link, calling all reefs resulting from transgression 
(rise of sea-level) transgressive reefs, and all reefs 
resulting from subsidence of sea-level (regression) 
regressive reefs, cannot hold any more and would lead 
to confusion. Indeed, Henson defines his terms 
properly and reserves them, morphologically, for reefs 
resulting from ‘‘ movement respectively towards and 
away from the adjacent land area,’’ 18p-233,note13 ut, 
the terms nevertheless suggest reason for origin as 
well. It has been decided therefore to introduce a 
different terminology, which should not lead to con- 
fusion, by omitting all terms referring advertently or 
inadvertently to origin. 

Thus, reef formations resulting from reef migration 
towards the sea are called ‘‘ emigrating reefs,’’ whereas 
reef formations resulting from migration of reefs to- 
wards the land are termed “ immigrating reefs.’ 
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At the same time, it has been considered of impor- 
tance to restrict the terms “ back-reef”’ and “ fore- 
reef ’’ to strata which are known to have been governed 
in deposition by, and separated by, a proper living 
organic reef wall. For similar facies where existence 
of such reef wall could not be proved the terms 
‘“Jagoonal ” and “ shoal” are used. 

There is to some extent a difference between the 
two associations. A proper organic reef does not allow 
a great deal of interfingering between back-reef and 
fore-reef facies. Their separation is therefore sharp 
and fairly easily detectable. Such is not the case with 
shoal and lagoonal deposits. Frequent interfingering 
will occur, and the existence of the two facies is prob- 
ably due only to some sort of ridge or to a number of 
small reef knolls (Henson’s open shoal reef). Another 
difference is that such a barrier does not grow 
actively and is probably not limited in thickness by 
ecology, ete. 


PALASOCENE AND EOCENE OF THE 
KIRKUK STRUCTURE 


Introductory Remarks. Although the theories set 
out in the foregoing section have but little bearing on 
the stratigraphy of the Paleocene and Eocene, it has 
been considered desirable not to depart from the 
traditional practice of dealing with stratigraphy in 
order of deposition. 

A number of wells have encountered Eocene and 
Paleocene below Lower Fars or Oligocene. But only 
one well, K-109, has actually penetrated both and 
reached into the Upper Cretaceous. 

Knowledge of the sediments of the two time units 
under consideration is consequently limited. But 
through the agency of inter- and extrapolation on the 
basis of regional knowledge, an understandable though 
rather sketchy picture can be assembled. 

The Paleocene. In the north-west, a chemical 
limestone which, though thoroughly recrystallized, 
still shows numerous indications of having been 
deposited in a lagoon (miliolids, oolites) occurs in a 
number of wells (K-40, K-42, K-113). This limestone 
invariably contains scattered sand-size fragments of 
radiolarites, green rocks, chert, and quartz, The 
detritals grade downwards into actual conglomerates. 
‘Thicknesses can be found in Fig9. Plate [Va shows a 
thin section of this facies. 

There are no age-indicative fossils, but correlation 
is assumed with the Kolosh (“ flysch”) formation of 
the mountain sections (publication pending). This is 
of Paleocene age. 

Further, towards the south-east, subsurface evi- 
dence of Paleocene age is limited to that provided by 
a single well which penetrates Lower Eocene. This is 
K-109, which shows a silty argillaceous globigerinal 
marl. The fauna appears on the range * iart (Fig 6), 
which also gives the thickness. Plate 1Vc shows a 
comparable facies. 

Although it seems fairly evident that the chemical 
facies must have been separated from the basinal 
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facies by either a topographical or an organic barrier, 
no evidence of such a barrier has yet been found within 
the Kirkuk field, so that its existence must remain an 
assumption. 

The Lower Eocene. Sedimentation during this 
period was very similar to what is known of the 
Paleocene. Again, in the north-west, in wells K-40, 
K-42, K-113, a lagoonal chemical limestone (miliolids, 
oolites) occurs with fine quartz, silt, and pyrite this 
time (see Plate IVs). 

It is possible that this limestone can be correlated 
with the Gercus formation *! of the mountain sections 
(definition in press), which is of Lower Eocene age. 

Additional evidence for a Lower Eocene age of these 
sediments is the fact that they are separated from 
overlying proved Middle Eocene by a transgression 
(see below). This probably low Middle Eocene or 
high Lower Eocene transgression is known practically 
throughout the Middle East, and any post-Cretaceous 
rocks found to underlie it are likely to be of Lower 
Eocene age. 

Farther towards the south-east Lower Eocene is 
found in off-shore facies (K-14, K-19, K-109) with a 
fauna as shown in Fig 6 (see Plate IVo). 

Total penetration has only been obtained in K-109, 
so that the actual thickness of Lower Eocene in off- 
shore facies is known only in that area. 

Though here again the evidence calls for the exist- 
ence of a topographical or organic barrier between 
the chemical lagoonal facies and the globigerinal off- 
shore facies, no such barrier has been found, as no well 
has penetrated deep enough in the crucial area. It is 
known that somewhat more to the north-west, along 
the direction of the Lower Eocene facies belts, shallow 
open sea facies of that age does occur in Jebel Qalian 
(Fig 1). 

The Middle Eocene. Sediments of this age are 
known from other wells, and consequently matters 
become somewhat more complicated. 

As mentioned above, there is evidence of Middle 
Eocene transgression over ?Lower Eocene in the 
north-west. Middle Eocene shoal facies covers Lower 
Eocene lagoonal chemical limestone in K-40, K-42, 
and K-113 (for thicknesses see Fig 9). 

Such superposition is impossible without a trans- 
gression, which must be invoked to explain the immi- 
gration of the various facies realms. 

The shoal facies of the Middle Eocene in the north- 
west shows lagoonal fossils amidst the nummulites 
and discocyclinids, evidencing lagoonal inroads upon 
the shoal realm (Plate Va). 

Further to the south-east the shoal facies gradually 
loses its lagoonal elements (Plate VB), and south-east 
of the Lesser Zab it passes laterally into globigerinal 
marl (Plate Vo) as found in all wells which are deep 
enough in the Amshe saddle and the Baba dome. 
One or more shoal intercalations persist in this marl. 

The fauna of this Middle Eocene in shoal facies 
appears on the range chart for K-109, from the shoal 


tongue between 785 ft and 855 ft depth BLFC * (below 
Lower Fars conglomerate), (Fig 6). 

An additional example of this fauna can be found 
on the range chart for K-40, which is based on data . 
provided by T. F. Grimsdale (Fig 7), but which does 
not cover the entire Middle Eocene, part of it being 
too recrystallized for fossil determination. 


Fig.7: 
Sie sis 
=i > 
EOCENE] 


40'- 50° 
50’°-60° 
60°-70° 
120" -130' 
130'-140° 
140’-150" 
150’-160' 
188'-206 
236-240 


Depths given are those below the base of 
the Lower Fars Conglomerate. 


It should be mentioned that no single complete 
section of Middle Eocene in shoal facies is known. In 
some wells its upper part has been removed by the 
Lower Fars transgression, in other wells the bit did not 
go deep enough to penetrate it entirely. 

The Upper Eocene. What has been said in the pre- 
ceding paragraph also holds true for the Upper Eocene. 
It can be found in shoal facies in a few wells in the 
north-west (Plate VB), but only K-29 reached into the 
Middle Eocene. In that well, however, recrystalliza- 
tion has made the recording of fossils very unsatis- 
factory. Moreover, the top of the Upper Eocene was 
truncated by erosion prior to deposition of the Lower 
Fars. Again, there are some intercalations of miliolid 
limestone which demonstrate lagoonal influence. But 
no truly representative lagoonal sediments of either 
Middle or Upper Eocene age have been found in the 
Kirkuk structure. It is reasonable to suppose that 
these have been removed by the Lower Fars trans- 
gression if they ever were present. 

South-east of the Lesser Zab, Upper Eocene occurs 
in globigerinal facies (Plate Vc). There is little doubt 
that, during the Upper Eocene, regression compelled 
the various facies realms to emigrate, as in K-14 shoal 


* All quoted depths in this article have been calculated from the base of the Lower Fars downwards. 
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fossils of Upper Eocene age occur resting on off-shore 
fossils of the same age at about 526 ft BLFC (Fig 8 
gives a faunal range chart for the Upper Eocene of 
this well). Off-shore facies of Upper Eocene age has 
also been found in other wells, and Fig 6 gives a more 
detailed example of the fauna in this facies. It 
should be remarked that a fault cuts out the upper 
part of the Upper Eocene here, so that only part of 
the fauna could be recorded. In addition to the few 
shoal fossils from K-14 which are shown in Fig 8, 
this facies also contains Asterigerina rotula (Kauf- 
mann), Cycloclypeus sp., Dictyoconus sp., Eorupertia 
sp., Nummulites incrassatus de la Harpe, and, as an 
important index, Pellatispira madaraszi (Htk.). 


[Fis:8* 


UPPER 


EOCENE 
K-14 


7 


Asterocyciina sp. 
Nummulites spp- 
N. cf. incrassatus 


N. fabiani 


Gimbelina sp. 
Hantkenina spp- 
H. alabamensis 


Discocyclina spp. 
dD. ck. fortisi 
Operculina sp. 
0. cf. schwageri 
Actinocyclina sp- 
Globigerina spp- 
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3/3'- 321" 


32/'-341' 


| 34/ -350" 


36/'-371' 


371 '-390' 


390-395" 


396-408 


410'-415" 


415-423" 


423-439" 


438-441" 


448- 470° 


470-481' 


484-490’ 
494-504’ 
504-508" 
5/4'-526' 


5286-541" 


541-550’ 


554-566 
566-576— 


576-595" 


595-604" 
604-623" 
623-642’ 
642-655" 
655-674" 


674-692’ 


693- 7/2 


Depths given are those below the base of 


the Lower Fars Conglomerate. 


No range chart has been appended from the north- 
western wells, as recrystallization in practically all 
Avanah and Khurmala wells hampers observation 
severely and makes the examination of continuous 
suites of samples impossible. Thicknesses of Upper 
Eocene in various facies in the more important wells 
are shown in Fig 9. 

There is apparently a substantial difference between 
the conditions under which the Middle and Upper 
Eocene were deposited and those which governed 
Palzocene and Lower Eocene. In the last case, no 
trace of mixing can be found between lagoonal and 
shoal facies, whereas in Middle and Upper Eocene such 
mixing indeed occurs. 

Though there is no doubt that some sort of separa- 
tion between lagoon and shoal must have existed both 
in the Middle and in the Upper Eocene, it seems that 
this barrier of sorts was by no means as effective as the 
one which separated the lagoonal chemical facies from 
its assumed shoal companion during Paleocene and 
Lower Eocene times. 

It is reasonable to suppose that it was actually the 
low Middle Eocene transgression which destroyed the 
Lower Eocene barrier and replaced it by an inefficient 
part-barrier, an example, probably, of Henson’s 
“‘ open shoal reef.” 18 

The presence of a good deal of interfingering between 
shoal and lagoonal facies makes the problem of pre- 
senting a section across the Eocene and Paleocene a 
very hazardous one. It has nevertheless been con- 
sidered of interest to reproduce such a section for this 
period, as a parallel to the better controlled one which 
is found below, for the Oligocene in this structure. 
Owing to the difficulties mentioned above, however, 
this section cannot be a cross-facies section. It has 
been assumed that facies lines (defined as the limit be- 
tween two facies belts) are parallel to time boundaries. 

The: section has therefore been drawn perpendicu- 
larly to the limit between Upper and Middle Eocene 
below the Lower Fars cover (see also Fig 33). Owing 
to the curvature of this limit, the ordinary procedure 
of perpendicular projection could not be followed, and 
the points of observation have therefore had to be 
projected parallel to this Upper—Middle Eocene limit. 
The result is seen in Fig 9. 

There is no doubt about the serious defects of this 
section. It is greatly inaccurate; there exists near- 
certainty that the section is not actually perpendicular 
to facies lines. It has proved impossible to show the 
numerous interdigitations between the various facies. 
It is also highly doubtfu) whether the limit between 
Paleocene and Lower Eocene is parallel to that be- 
tween Upper and Middle Eocene. The section should 
therefore be considered as strictly schematic (apart 
from the indicated thicknesses). Owing to the great 
number of wells which showed only partial penetra- 
tion of any one unit, only a few wells could be used, 
and no proper faunal zonation has been attempted. 

In spite of these numerous short-comings, the por- 
trayal should have some value, since it gives at least 
some approach to the actual truth. 
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THE PALZOCENE AND EOCENE OF QARAH 
CHAUQ DAGH AND BAI HASSAN 


The Paleocene. Paleocene is not known from 
either the Qarah Chauq Dagh or Bai Hassan. 

The Eocene. On the Qarah Chauq Dagh anticline, 
Eocene sediments are known from three surface sec- 
tions. At Azkand, on the southern dome, 50 m (165 
ft) of Upper or Middle Eocene rocks are exposed. 
These are globigerinal marls with Globorotaiia centralis 
Cushman and Bermudez and Hantkenina sp. 

Palani, on the northern dome, exposes 32 m (106 ft) 
of Upper Eocene globigerinal marls, strongly recrystal- 
lized, with Globorotalia cocoaensis Cushman and 
Hantkenina sp. The base is not seen. 

Finally, at Sheikh Alas, on the northern dome 28 m (90 
ft) of strongly recrystallized limestones occur. Again, 


of the Kirkuk structure. The miliolid fauna is 
generally indicative of a lagoonal or back-reef facies, 
whereas the nummulitic fauna normally indicates a 
shoal or fore-reef facies.* 

On the basis of relatively few fossils it is apparently 
possible to subdivide the Oligocene into five units, 


namely 
130 ft (v) back-reef and reef + 
70 ft (iv) fore-reef 
60 ft (iii) back-reef and reef 
90 ft (ii) 
60 ft (i) fore-reef J 
+ The back-reef and reef facies intergrade too complexly to 
be recognized as mappably-different units. 


Plates VI and VII show the appearance of these 
facies under the microscope. The terminology used 
here for reef-controlled deposits is given diagram- 


SITUATION AT THE END OF THE?7LOWER OLIGOCENE 


Back-reet and reet (iil) | sea 
tore-reet(Il/1) 


(9) globigerinal 


FIG. 10:AS FIG.S CONSIDERABLY SCHEMATIZED 


the base of the limestones is not seen. Henson reports 
Orbitolites sp. from here (unpublished work), so that 
these rocks, in shoal facies, may be of Middle Eoceneage. 

The well drilled on the Bai Hassan structure ended 
in the Upper Eocene, which is in globigerinal facies 
there with Globorotalia cocoaensis and Hantkenina sp. 
but penetration was negligible. 

It is ev.dent from these few data that no attempt at 
paleogeographical reconstruction can be made in this 
area. It is clear, however, that the Eocene of Sheikh 
Alas was deposited closer to the shore than that of 
Palani and Azkand. The data on the Eocene and 
Paleocene of the Qarah Chauq Dagh anticline have 
been included in Figs 25-28. 


THE OLIGOCENE OF THE KIRKUK 
STRUCTURE 
_ The range chart (Fig 6) drawn up for K-109 serves 
to illustrate the facies stratigraphy of the Oligocene 


matically in Fig 4 and follows closely that of Henson,'* 
although it includes less detail.{ 

It will be clear from the study of the section dealing 
with theoretical considerations and from Henson’s 
paper !® that this succession indicates the existence 
during the Oligocene of two reef “‘ complexes ” in the 
Kirkuk structure.§ 

The first reef ‘‘ complex,” a combination of (ii/i) and 
(iii), started to grow on an Eocene substratum after 
the Upper Eocene regression (see above) had brought 
the sea floor within the ecological realm of reef build- 
ing. It grew in such way that the reef itself moved 
out seawards and deposited back-reef sediments (iii) 
over its own former fore-reef deposits (ii/i). 

Subsequent transgression resulted in a move inland 
of the reef in such a way that this second reef ‘‘ com- 
plex ” deposited fore-reef formations on older back- 
reef, (iv) on (iii). In course of time this second reef 
emigrated, repeating the former events. It grew over 


* Throughout the sections dealing with the Oligocene the 
terms back-reef, reef, and fore-reef are used. Existence of 
an actual reef wall which necessitates these terms (see p. 238) 
will become apparent in the section dealing with Bai Hassan. 

{ Subsequent examination of all remaining wells taught 
that it is difficult and often —— subjective to recognize a 
“ fore-reef transition zone,” a “ talus slope,”’ ete., although 
in some cases there can be ie doubt about their existence. 


For the sake of simplicity unit (ii) has not been differentiated 
but has been incorporated with unit (i) under the temporary 
heading (ii/i). This practice does not influence the final 
interpretation. 

§ A reef complex can be defined tentatively as an associa- 
tion of several facies resulting from growth and death of an 
organic reef. It comprises, from shore to basin, back-reef, 
reef, fore-reef, and equivalent off-shore facies. 
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SITUATION BETWEEN ?7LOWER AND ?MIDDLE OLIGOCENE 


New sealevel 


FIG.I:AS FIG.1O, AFTER TILTING SHOWING THE RESULTING NEW SEALEVEL AND THE 
6Om. DEPTH LINE ABOVE WHICH REEFGROWTH IS POSSIBLE 


its own fore-reef and deposited back-reef (v) once 
again over those fore-reef sediments, (v) over (iv). 

The above is deduced, partly on a theoretical basis, 
from the stratigraphy of the Oligocene as found in 
K-109. Diagrammatically this theory can be ex- 
pressed by Figs 5 and 10-12. 

This idea has been checked in all wells of the Kirkuk 
structure which penetrated or were completed in the 
Oligocene. 

Strong indications for such bipartition could be 
found in all wells studied in which stratigraphic pene- 
tration was sufficient. Most wells show the same 
succession as K-109: (v)-(iv)-tiii)-(ii/i). This holds 
true especially for the wells situated on the Baba 
dome. 

It had been found, however, that an important fault 
cuts K-109 at approximately 420 ft BLFC and a check 
was therefore necessary on a nearby well to see whether 
any part of the Oligocene had been affected by this 
fault so as to render the sequence of K-109 incomplete. 

This suspicion was confirmed by the examination of 
material of K-37. There, below unit (ii/i) approxi- 
mately 50 ft of globigerinal post-Eocene limestone 
occurred, which was termed (g) for future easier refer- 


ence. The K-37 stratigraphy proved to be as 
follows : 
130 ft (v) back-reef and reef 
70 ft (iv) fore-reef 
75 ft (iii) back-reef and reef 
180 ft (ii/i) fore-reef 
50 ft (g) globigerinal off-shore 
The explanation of unit (g) is shown in Figs 10-12. 
It was subsequently found in all wells of the Baba 
dome which went deep enough to reach the top of the 
Eocene, and its facies is shown in Plate VIc. 
The typical Oligocene succession in the Baba dome 
is therefore as follows : 
(v) back-reef and reef 
(iv) fore-reef 
(iii) back-reef and reef 
(ii/i) fore-reef 
(g) globigerinal off-shore 
A further examination of wells in the south-eastern- 
most part of the Baba dome (K-19 and K-68) and in 
the Tarjil area shows a significant variation on this 
pattern. 
In K-19 the entire lower back-reef and reef unit 
(iii) has disappeared, and the two fore-reefs are in 


SITUATION AT THE END OF THE ?MIDDLE OLIGOCENE 


back-reef and reef (V) 


FIG. 12: DIAGRAM OF THE SITUATION AFTE 
RENEWED REEFGROWTH 


(tv) tore-reet 
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direct contact with each other. The separation be- 
tween them could be effected only by the use of index- 
fossils which are mentioned later. In nearby well 
K-68, unit (iii) is still present and, failing evidence of a 
fault, its absence in K-19 can be explained only by a 
facies change whereby the back-reef and reef facies of 
K-68 passes completely into fore-reef in K-19. Thus, 
in going from K-68 to K-19, one passes from the back- 
reef and reef facies of K-68 to shoal conditions 
around K-19. 

Diagrammatically this can be explained by Fig 13, 
which is entirely schematic. 

The thicknesses of the units in these two wells are 
as follows : 


K-68 K-19 

110 ft (v) 70 (v) 
95 ft (iv) 90 ft (iv) 
85 ft (iii) 425 ft (iii) 

200 ft (ii/i) 50 ft 
40 ft 


In K-85, on the Tarjil plunge, it can be observed 
that not only has unit (iii) disappeared as a facies unit 
but also the entire fore-reef (ii/i) has changed into the 
more off-shore facies (9). 

Moreover, indications of a change of facies in the 
upper reef association are given by the presence within 
unit (iv) of numerous globigerinal streaks or beds 
(obviously the result of an interfingering in that par- 
ticular area between fore-reef and globigerinal facies) 
and by the occurrence of off-shore material (g2) below 
(iv). 

The actual correlation, incorporating these logical 
facies changes is shown in Figs 14 and 15, whilst Fig 
13, referred to above, shows diagrammatically the 
principles behind this correlation. 

The result of this somewhat involved facies change 
between K-19, K-68, and K-85 is, however, that the 
globigerinal facies of the upper reef association rests 
on the globigerinal facies of the lower association. 

The sensitiveness to environmental changes of any 


formation directly associated with reefs is great, be- 


cause the facies “ liberties ’’ of the reef itself are very 
limited. 

This results in sharp responses to any environmental 
change for all facies belonging to such association. 


Globigerinal deposits are not, however, sensitive 
and, in fact, are not directly connected with reef 
environments. For this reason, the limit between 
sediments belonging to the upper association and 
sediments belonging to the lower association in K-85 
could not be fixed on the basis of facies change. But 
a prominent glauconite development, occurring in the 
globigerinal sediments in this well, without doubt 
marks here the limit between the two “ cycles.”’ It 
should be noted at this stage that it has not yet been 
found possible to separate the two globigerinal facies 
on the basis of index fossils. 

The stratigraphy of K-85 can now be given as 
follows : 

130 ft reef and back-reef 
250 ft fore-reef 


510 ft globigerinal marly limestone (glauconite 290 ft below 
the top of this unit) 


which has been interpreted as : 
130 ft (v) 
250 ft (iv) 


290 ft (g2) See Plate VIlc 
220 ft (g) 


Further towards the south-east no wells penetrate 
the higher reef association, and interfingering of units 
(iv) and (g2) becomes more and more important. 

The stratigraphy of the reef complex which forms 
the “‘ Main Limestone ”’ of the Kirkuk structure can 
now be recapitulated as follows : 


back-reef and reef (v) 


fore-reef (iv) 

globigerinal (g2) 
transgression— — - - transgression 

back-reef and reef (iii) 

fore-reef (ii/i) 

globigerinal (9) 


After the stratigraphy of the Main Limestone on the 
Baba dome and the Tarjil plunge has been elucidated 
it is now necessary to turn to its development more 
towards the north-west, in the Amshe and Dibega 
saddles and the Avanah and Khurmala domes. Fig 
13 shows that, passing landwards, globigerinal facies 
should disappear and change first into a fore-reef 
facies and subsequently into a reef and back-reef 


K-109 

K-68 K-I9 K-85 
| | | | 
\ 4) 


FIG. 13: SCHEMATIC APPROXIMATE POSITIONS OF K-19, K-37, K-68,K-85 & K-I09 
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facies which, on approach to the original coastline, 
should disappear in its turn. 

Wells on the Amshe saddle give the first indications 
of such facies change. The globigerinal facies dis- 
appears between K-69 and K-14, giving place to fore- 
reef, of the lower association, which rests directly on 
Eocene. Additional evidence of the approach to a 
shore line is the decrease in thickness of this fore-reef 
facies and its actual disappearance between K-86 and 
K-29 on the south-west flank and between K-18 and 
K-76 on the north-east flank of the Avanah dome. 

The following stratigraphies can be given in evidence 
of these statements : 


K-69 K-14 
90 ft (v) 30 ft (v) 
26 ft (iv) 10 ft (iv) 
30 ft (iii) 40 ft (iii) 
260 ft (ii/i) 190 ft (ii/i) 
60 ft (9) absent (g) 
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Fig. 1S:CORRELATIONS BETWEEN 
K-68 & K-85 


K-85 
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HORIZ. 


VERT. 


LEGEND 
UPPER CYCLE 


tower ‘crcie’ 


K-86 K-29 
20 ft (v) 30 ft (v) 
absent (iv) absent (iv) 
40 ft (iii) 40 ft (iii) 
20 ft (ii/i) absent  (ii/i) 
absent (g) absent (g) 
K-18 K-76 
40 ft (v) 20 ft (v) 
absent (iv) absent (iv) 
40 ft (iii) absent (iii) 
86 ft (ii/i) absent (ii/i) 
(unbottomed) absent (9) 


In the upper reef association similar indications 
signal the approach of a shore line towards the north- 
west. The disappearance of (g2) between K-85 and 
K-19 has already been noted. The fore-reef facies 
disappears between K-14 and K-86 (see above), on the 
south-west flank, and between K-87 and K-18, on the 
north-east flank. The back-reef and reef facies 
finally disappears altogether north-west of a line run- 
ning somewhere between K-93 and K-94, on the 
south-west flank, and somewhere between K-76 and 
K-88, on the north-east flank. Evidence for these 


Fig.14: CORRELATIONS BETWEEN 
K-19 & K8S 
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statements is found below and in stratigraphies already 
given above. 


K-87 K-93 
70 ft (v) 30 ft (v) 
20 ft (iv) absent (iv) 
50 ft (iii) 35 ft (iii) 
160 ft (ii/i) absent (ii/i) 
20 ft (g) absent (g) 

K-94 K-88 
absent (v) absent (v) 
absent (iv) absent (iv) 
absent (iii) absent (iii) 
absent (ii/i) absent (ii/i) 
absent (g) absent (g) 


It would appear unnecessary to go into more detail 
here, but it is of some interest to discuss for a moment 
the occurrence rather at random of a conglomerate 
between the two reef associations in a number of wells 
between K-18 and K-93. These conglomerates are 
interpreted as clear indications of a transgression of 
the upper association over the lower one, a third 
indication therefore, the others being the facies 
‘jump ” from back-reef and reef of the lower associa- 
tion to fore-reef of the higher association, and the 
occurrence of a glauconite bed in K-85. The reason 
for the preservation of these conglomerates in the 
wells mentioned is discussed at the end of the next 
section. 


THE ORIGIN OF THE REEF COMPLEX 


The transgression between the two “ cycles ”’ is thus 
well marked, especially near the shore, where actual 
conglomerates occur between them. Further indica- 
tions of the transgression can be found in wells which 
reach deep enough to touch the lower back-reef and 
reef facies. This facies is, in nearly all cases, covered 
by upper fore-reef, deposited further off-shore. In 
those cases where such succession cannot be found the 
explanation lies in the facies changes within each 
*“eyele.” 
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In view of what has been discussed on p. 235, it 
is of interest to see what origin the two reef cycles had. 

It is clear from the vertical succession, the same in 
both “cycles,” that its origin can be the result of 
either a transgression or a regression, as long as reef 
growth is strong enough to outbalance the effects of 
such movements. The third possibility is that the 
reef grew on a stable shelf. 

It will be remembered, however, that one of the 
assumptions on which the tabulation on p. 238 was 
based, was that the reef grew on a shelf which was 
either subhorizontal or slowly sloping seawards. 

It is therefore necessary to find out first whether 
that condition is likely to have been fulfilled in this 
case. 

The best way to deal with this problem is to con- 
struct a section across facies lines by projection of a 
number of suitably situated wells which reach into 


a swing in the facies lines from N-120°-E to N-110°-E 
should take place. 

The section across facies lines can now be obtained 
by projecting a number of wells parallel to those facies 
lines on a line of section perpendicular to them. The 
result, Fig 16, is perfectly straightforward, but it 
should not be considered more than only approxi- 
mately correct, as there are several assumptions with- 
out proof incorporated in the design. Some of them 
are : 

(i) the facies lines are straight (a most 
improbable hypothesis) ; 

(ii) the facies lines during the lower “ cycle ” 
run strictly parallel to those of the upper “ cycle ” 
(an equally improbable hypothesis) ; 

(iii) the facies direction N-110°-E is correct. It 
is known that this is not true in the Avanah area, 
and the indicated curvature is only approximate. 
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Fig.16:;SECTION ACROSS FACIES BELTS SHOWING 
THE FACIES DISTRIBUTION DURING THE OLIGOCENE 
IN THE KIRKUK ANTICLINE 
(TOP OF THE OLIGOCENE HORIZONTAL) 


SCALES LEGEND 
HORIZ, off-shore 
shore 


the Eocene, on a line perpendicular to those facies 
lines. 

The direction of those facies lines must be known 
first, therefore. This can be estimated in the Avanah 
area, where the upper back-reef and reef facies pinches 
out. 

Although the actual choice of directions is fairly 
wide (any direction between any point on the line 
K-93-—K-94 on the south-west flank and any point on 
the line K-88—K-76 on the north-east flank, see p. 245), 
it is obvious from thickness distributions that a direc- 
tion approximately N-120°-E is most likely to be cor- 
rect in the Avanah area. It will be seen below that a 
very similar direction can be deduced from facies and 
thickness comparisons between Qarah Chauq Dagh, 
Bai Hassan, and Kirkuk. 

However, if the reconstruction is tried on the basis 
of this N-120°-E direction, in areas farther to the 
south-east, it becomes obvious that it leads to false 
results. A N-110°-E direction has to be adopted to 
get a reasonable picture in the Amshe—Baba-Tarjil 
area. Somewhere around the Lesser Zab therefore 


Moreover, only a small number of the existing wells 
have been used in the construction, for several reasons, 
amongst which the following are of some importance : 


(i) theoretically, additions should not show any 
great deviation from the present result, the main 
idea being to give a general illustration of the 
configuration of the Oligocene ; 

(ii) irregularities will occur if indeed a great 
number of wells are included, all explicable by 
local departures from the above-mentioned 
assumptions, which cannot possibly be evaluated. 


However, whatever the drawbacks are of the sec- 
tion, it will be noted that the top of the Eocene shows 
indeed a proper shelf, practically horizontal and falling 
off into deeper off-shore areas in the neighbourhood of 
K-68 and K-85. The difference between the vertical 
and the horizontal scale perhaps creates a false im- 
pression. It is therefore of interest to state that this 
shelf at the end of the first “‘ cycle ” is about horizontal 
over a width of some 4-5 miles (7 km) and has a sloping 
approach to shore of some 3 or 4 miles (5-63 km) giving 
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INTRA— TRANSGRESSION 


a total width of some 8 or 9 miles (approx 13 or 14 km 
—see Fig 16). 

Therefore, such a shelf as was postulated on p. 
235 did in fact exist, and it may well be that the origin 
of the reef complex can be deduced from certain 
characteristics mentioned on the tabulation of p. 238 

It is immediately obvious that the reef did not grow 
under transgressive conditions, outbalanced by reef 
growth. Nowhere are there any indications that the 
reef and back-reef facies of each unit exceeded 50-60 
m in thickness, 

Nor can regression, with continuing reef growth 
outbalancing its effects to some extent, have produced 
the conditions under which the reef “ cycles’ were 
formed. The belt of reef and back-reef is far too wide, 
and there are large areas where the combined thickness 
of those facies is perfectly constant. 

The only remaining possibility, that the reef grew 
on a stable shelf, therefore needs further investigation. 

It is indeed a striking fact, noticeable in Fig 16, 
that the thickness of the reef and back-reef remains 
constant over long distances. The lower back-reef 
and reef nowhere exceeds 100 ft thickness. The upper 
back-reef is somewhat thicker here and there, but 
never exceeds about 120 ft. 

The same holds true for the thickness of the fore- 
reef, but this argument is not of great strength, be- 
cause it is possible on a subsiding horizontal shelf to 
produce similar constancy. 

It is the extraordinary constancy of thickness of the 
back-reef and reef facies of both “ cycles,’ and the 
fact that it always measures less than 165-200 ft, 
which are very strong indications that the reef actually 
did grow over a stable sub-horizontal shelf. 

The conclusion therefore is that during the Oligocene 
in Kirkuk two successive emigrating reefs existed, 
growing over a stable shelf, separated from each other 
by the above-mentioned transgression. There is 
therefore no indication that any of the “ cycles ’’ were 
built up during a transgression, the transgression is 
limited to the period in between the two “ cycles ” 
(see also Conclusions). 


FIG. 1@: DIAGRAM SHOWING THE CREATION OF A POTENTIAL REEF ENVIRONMENT CLOSE 
TO THE SHORE THROUGH TILTING AND SLIGHT SUBSIDENCE. 


The question may be asked what sort of movement 
controlled this transgression. Was it purely a rise of 
sea-level (or a corresponding vertical subsidence of the 
substratum) or was it tilt of the substratum ? 

There are theoretical indications that vertical move- 
ment of the substratum actually can produce the 
desired effect but tilt seems to fit the facts better. 

The top of the first “ cycle ’’ will have been approxi- 
mately horizontal (apart from its off-shore equiva- 
lents). If, therefore, rise of sea-level was the actual 
cause of transgression this top would become covered 
by a constant depth of sea water after the transgres- 
sion. If that depth exceeded 50-60 m reef could 
start growing only on or immediately in front of the 
new shore line. But it could not grow far without 
shedding fore-reef debris in front of it, and covering 
therewith the back-reef deposits of the older “ cycle,”’ 
even in the area close to the shore. Never, it seems, 
couldit manage to grow directly on topof the lower back- 
reef. Fig 17 illustrates this point diagrammatically. 

Tf, in this case, the rise was less than 50 or 60 m, the 
reef could start growing at any place, even on the 
actual back-reef of the lower “ cycle.” The moment 
such reef started to grow separation between back-reef 
and fore-reef would be a fact. Therefore, in this case 
back-reef could indeed overlie back-reef, as is the fact 
in Fig 16. 

However, it is then necessary that the combined 
thicknesses of back-reef, reef, and fore-reef should not 
exceed the 50-60 m thickness. The depth of the sea in 
front of the original reef must have been of the order 
of 50-60 m, otherwise the reef could not have started 
growing. 

It is an established fact that the combined thick- 
nesses of back-reef, reef, and fore-reef of the second 
“ eyele ’’ are thinner than the same thickness for the 
lower “ cycle.” It is also a fact that in general the 
combined thickness of the entire upper “ cycle” is 
of the order of 200 ft or less, though some higher values 
occur in the south-western wells on the Baba dome. 

It seems therefore that this thickness is certainly 
not in excess of what could be expected if sea-level rise 
was the only agency of transgression. Out of a 
total number of forty measurable values only three 
exceeded 200 ft. Values south-east of the area where 
lower back-reef and reef change into lower fore-reef 
and off-shore deposits must be excluded. 

A definite case can therefore be made for a trans- 
gression resulting from rise of sea-level only (or 
vertical subsidence of the substratum). In order to 
produce the required configuration the movement 
should not exceed 165-200 ft. 

An equally good case can be made, however, for tilt 
of the substratum combined with a small rise in sea- 
level or a vertical subsidence of the substratum. 
Figs 18 and 19 demonstrate diagrammatically that in 
such case back-reef can cover back-reef as required. 
Thickness of the fore-reef is dependent only on the 
amount of tilt. Such thickness should be small near 
the original reef, increasing seawards. Those require- 
ments are fulfilled in Kirkuk. 
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FIG. 19: AS FIG.18, AFTER THE FORMATION OF A SECOND CYCLE’ 


There is consequently little to choose between these 
two possibilities. A purely vertical movement, how- 
ever, would bring the surface of the first reef cycle 
downwards, keeping its near-horizontality. Fig 16 
shows that the top of the first ‘ cycle’ is not hori- 
zontal, there being a distinct angle between the hori- 
zontal and the top of this “ cycle.” 

It would seem therefore that there is at least some- 
what more support for the hypothesis that tilt 
governed the inter-‘‘ cycle”’ transgression. An addi- 
tional reason to adopt this hypothesis is discussed in 
the following section. 

One interesting observation remains to be noted : 
all conglomerates between the two cycles occur 
between two back-reefs. Obviously, these conglo- 
merates must therefore have been deposited in the 
original lagoon of the second “ cycle.” Their con- 
tents cannot have passed before deposition through a 
reef wall farther coastwards, which would be necessary 
had they been deposited originally seawards of that 
reef wall. Moreover, in that case they should be ex- 
pected to be covered by fore-reef of the upper “* cycle.”’ 
They cannot either have been deposited after the reef 
had passed their present position on its emigration, 
because then upper fore-reef should occur below them 
and probably upper back-reef as well. 


original reef wall south-east of the south-easternmost 
conglomerates in K-18 and K-86 and north-west of 
K-14 and K-87, where the upper “ cycle” sediments 
occur in fore-reef facies. The width of the original 
lagoon of the upper “‘ cycle ’’ must have been therefore 
of the order of 1} or 2 miles only. Wells penetrating 
into this original lagoon cannot be expected to find 
reef. Only back-reef will be and has been recorded. 


THE PALASONTOLOGY OF THE OLIGOCENE 


Until now only the distribution of facies in the Oli- 
gocene of Kirkuk has been dealt with. The configura- 
tion suggests strongly the existence of two emigrating 
reef “ cycles ” separated by a transgression. 

Facies planes in emigrating reef facies should cut 
upwards across time planes in a basinward direction. 

As the entire Oligocene is truncated by the Lower 
Fars (Miocene) transgression, a paleogeological map 
of the upper “ cycle’ below the basal Fars conglo- 
merate should show a succession of faunizones from 
old to young from shore to basin, whereas a similar 
map on top of the lower “ cycle ’’ should show a similar 
picture. 

Moreover, the outermost (youngest) faunizone of 
the lower “ eycle ”’ should be older than the innermost 
(oldest) faunizone of the upper “ cycle,’’ because they 
are separated by a transgression. This transgression 
is believed to have been of short duration, vide the 
thinness of the inter-“‘ cycle ” conglomerates, so that 
the difference in age between these faunizones is 
probably only slight. 

The results of the paleontological examination have 
been condensed mostly in tabular form. Although 
most wells have actually been examined, it has been 
considered superfluous to show a range chart for more 


The original lagoon must have been localized by an than one well. K-109 was chosen (Fig 6). The re- 
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FIG-20: DIAGRAM EXPLAINING THE LIFE RANGE OF 
FACIES FOSSILS IN A MIGRATING 


REEF ENVIRONMENT 
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A—ARCHAIAS KIRKUKENSIS HENSON B—PENEROPLIS EVOLUTUS HENSON 
K-57, 3 ft BLFC, x 30. K-56, 3 ft BLFC, x 38. 
Note also Archaias kirkukensis Henson. 


C—PENEROPLIS THOMASI HENSON D—AUSTROTRILLINA HOWCHINI (SCHL.) 
K-19, 13 ft BLFC, x 25. K-19, 13 ft BLFC, x 25. 
(To face p. 248. 
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A—PRAERHAPIDIONINA DELICATA HENSON 
K-28, 40 ft BLFC, x 25. 
C—DENDROPHYLLUM cf GURGURDANENSIS 
THOMAS (MS) 
K-25, 37 ft BLFC, 40, vertical ” section. 


Puiate 


B—DENDROPHYLLUM cf GURGURDANENSIS 
THOMAS (MS) 
K-25, 37 ft BLFC, x 40, longitudinal section. 


D—ARCHAIAS OPERCULINIFORMIS HENSON 
K-14, 34 ft BLFC, x 20. 


> 
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A—AUSTROTRILLINA PAUCIALVEOLATA GRIMSDALE 
K-14, 34 ft BLFC, 1-5 and 7-9: x13; 6: x17. 
B—HETERILLINA HENSONI GRIMSDALE 
K-14, 34 ft BLFC, 1-5: x13; 6: x17. 
C—OLIGOCENE REEF CORAL, PROBABLY cf ACTINACIS 8P. 
These corals occur frequently in both|Lower and Middle Oligocene. Comparison with Plate VIIIn shows 
that they also occur in the Upper Oligocene. K-19, 117 ft BLFC, x 8-5. 


D—MIDDLE EOCENE REEF CORAL 
K-101, 96 ft BLFC, x 8-5. 
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Pirate IV 


A—LAGOONAL LIMESTONE WITH COARSE GRIT (PYRITE, CHERT, QUARTZ, GREEN ROCK, 
GLAUCONITE) 


Probably Paleocene. K-42, 750 ft BLFC, x 9-5. 
B—LAGOONAL LIMESTONE WITH SILT-SIZE CLASTICS, PREDOMINANTLY QUARTZ 
Probably Lower Eocene. K-42, 535 ft BLFC, x 9-5. 


C—GLOBIGERINAL FACIES, LOWER EOCENE WITH GLOBOROTALIA ARAGONENSIS 
K-14, 1288 ft BLFC, x 9-5. The Paleocene globigerinal facies differs only in fauna. 
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V 


A—LAGOONAL FACIES, MIDDLE EOCENE, WITH ORBITOLITES COMPLANATUS AND MILIOLIDS 
Nummulitis spp. indicate strong shoal influence. K-40, 25 ft BLFC, x 9-5. 
B—SHOAL FACIES, MIDDLE EOCENE, WITH NUMMULITES SPP. 
K-29, 229 ft BLFC, x 9-5. The Upper Eocene shoal facies is identical apart from the fauna. 
C—GLOBIGERINAL FACIES, UPPER EOCENE WITH GLOBOROTALIA COCOAENSIS AND GLOBOROTALIA 
CENTRALIS 
K-109, 425 ft BLFC, x9-5. The Middle Eocene globigerinal facies is identical apart from the 
fauna. 
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LOWER OLIGOCENE 


Palani formation. 


C—GLOBIGERINAL FACIES (9). 
K-19, 622 ft BLFC, x 9-5. 
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Baba formation. 
MIDDLE OLIGOCENE 
Tarjil formation. 
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K-46, 178 ft BLFC 
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A—BACK-REEF AND REEF F 
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Puate VIII 


A—BACK-REEF FACIES, UPPER OLIGOCENE 
Note Miogypsinoides complanata. Dara Khurma, «9-5. Anah formation. 


B—REEF FACIES, UPPER OLIGOCENE 
Note contact reef—fore-reef, the last with Miogypsinoides complanata. Ali Rash, x9°5. Anah 
formation. 
C—FORE-REEF FACIES, UPPER OLIGOCENE WITH MIOGYPSINOIDES COMPLANATA AND LEPIDO- 
CYCLINA 


Note also Rotalia viennoti, of no particular index value. Azkand, x 9-5. Azkand formation. 


* 
> 


KIRKUK, BAI HASSAN, AND QARAH CHAUQ DAGH STRUCTURES IN NORTH IRAQ 249 


Cc D per well | range 


Range | Overall 


Fantgreition 


mi 


: 


Li. 


_Z” Facies unit \|wetl 


Time line = Range fossil A Jronge fossil 


FIG.21 : DIAGRAM EXPLAINING THE LIFE RANGE OF 
FACIES FOSSILS IN TWO SUCCESSIVE MIGRATING 
REEF ENVIRONMENTS SEPARATED BY A TRANSGRESSION 


maining wells are covered by the composite range 
chart, Fig 22, which is explained later. 

Many more fossils occur than are noted in Fig 6. 
Mostly, they are indeterminable miliolids, etc. Only 
those which proved to have index value combined 
with reasonably frequent occurrence have been 
included. 

It proved impossible to go into such detail as to 
record first and last occurrence of each fossil in each 
facies zone. The problem of caving was insoluble 
here, and the decision was taken to assume that any 
fossil occurring in one sample of one of the facies in 
any one well ranges throughout that particular facies 
in that particular well. 

An additional problem was that, though normally a 
stratum becomes younger vertically, any facies con- 
trolled by reefs becomes younger practically hori- 
zontally, because of the limitation of vertical growth 
by optimum depth and sea-level and the consequent 
mainly horizontal growth. 

The range of a fossil in any one place does not there- 
fore necessarily coincide with its total range. This is 
a well-known principle, but generally the mutually 
exclusive facies do not alternate as quickly and sharply 
as they do in thin reef-controlled sedimentation of 
relatively short duration. Moreover, practically all 
fossils in the material dealt with are facies fossils, 
and those which are not are all rather long-living 
forms. 

It is therefore necessary, once the oldest occurrence 
of a fossil in a reef-controlled facies has been recorded, 
to find out where the successively younger facies in 
8 


question occur, in order to determine whether or not 
the fossil is still present in that facies at a later time. 
Therefore the direction of facies lines must be known. 
The direction is assumed to be N-110°-E (and approxi- 
mately N-120°-E in the Avanah area) with the reserva- 
tions noted and discussed above. The advantage of 
knowing the facies line direction is that the position 
of each well in regard to this direction will give the 
proper “ vertical” succession within that particular 
facies. Diagrammatically, Fig 20 clarifies this point. 

Each facies unit of the Oligocene of Kirkuk has a 
time range between its earliest and latest occurrences 
throughout the area which is equal to that covered by 
the whole reef “ cycle”’ to which it belongs. For 
instance, the upper back-reef and reef facies range 
throughout the time taken to deposit the entire upper 
reef “ cycle.” So also do the upper fore-reef as well 
as the off-shore facies. 

The matter of fixing the range of a particular fossil 
is complicated by the fact that there are two reef 
“ eyeles”’ on top of each other. The set of wells 
needed to fix the fossil range has therefore to be used 
twice: once for determining the occurrence (or 
absence) of the fossil in question in the lower “ cycle ” 
and once for the determination of its occurrence or 
absence in the upper “cycle.” As there is a con- 
siderable difference in age between, for instance the 
lower back-reef and reef and the upper back-reef and 
reef in any one well, the matter of diagrammatical 
representation of the procedure followed to fix the 
range of each fossil becomes somewhat involved. An 
attempt has been made in Fig 21. 
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The method explained in Fig 21 has been used in 
many of the wells of Kirkuk, and the result is shown 
on the composite range chart Fig 22, mentioned above. 
It will be seen that in some places rectangles occur 
surrounded by a heavy line. These indicate that in 
the geographical areas to which they refer a facies in 
which the particular fossil can live is absent. 

The index fossils retained need only brief mention, 
as they have practically all been discussed before in 
the literature and, moreover, have been figured in this 


paper. 

Archaias kirkukensis Henson (Plate La), described by 
Henson. P: 43; pl. 7, Figs 3,4,and 9; and pl.8,Figsl-5 [ts occur- 
rence is fairly straightforward. The fossil has been 
found only in the top part of the second “cycle.” It 
marks the “ kirkukensis zone.” 

Peneroplis evolutus Henson (Plate Is), described by 
Henson.1%p- 37; pl. 5, Figs 12-14; pl. 6, Fig1; pl. 10, Fig 2 Apart 
from regular occurrence in the second sequence, three 
occurrences have been recorded in the first ‘“‘ cycle.” 
In the north-west area, the two back-reefs come in 
intimate contact with each other (see Fig 16) without 
the intercalation of any fore-reef. It is obvious there- 
fore that some mixing and reworking én situ will result 
in co-occurrence of first- and second-“ cycle ”’ fossils. 

Peneroplis thomasi Henson (Plate Ic), described by 
Henson, P- Pl. 5, Figs7-11 seems to be limited to the 
upper “ cycle.” 

Austrotrillina howchini (Schlumberger) (Plate Ib), 
see also Catalogue of Foraminifera. An easily 
recognizable fossil which cccurs in the higher part of 
the lower “ cycle ” and throughout the upper “ cycle.” 
The index value is limited therefore, but its frequent 
occurrence merits it a place amongst the mentioned 
fossils. 

Praerhapidionina delicata Henson (Plate IIa), de- 
scribed by Henson. The few 
occurrences in the first “ cycle ’’ of the northern wells 
can be explained by mixing and reworking in situ be- 
tween the two back-reefs there. It is used as an index 
for the delicata zone, which is defined below. Grims- 
dale introduced this zone first in Company records, 
and the present work is only an-elaboration of his, 
based on more material. Henson records the fossil, 
probably mistakenly, as Lower Oligocene and ques- 
tionably Upper Oligocene. It will become apparent 
below that probably a Middle Oligocene age has to be 
adopted. 

Dendrophyllum cf gurgurdanensis Thomas (MS). The 
description of this fossil has not yet been published. 
Some photographs were made available by Dr A. 
Smout of the Iraq Petroleum Company’s Geological 
Research Centre. The fossil, as it occurs in Kirkuk, 
resembles these photographs to a great extent—see 
Plate IIs and c. It is a most useful index fossil for 
the lower “ cycle.” 

Archaias operculiniformis Henson (Plate IIb), de- 
scribed in Difficult 
to determine in general because of its resemblance in 
random sections to Archaias kirkukensis. 
Austrotrillina paucialveolata Grimsdale (Plate IIIa), 
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described by Grimsdale," P. 229, pl. 20, Pigs7-10 js strictly 
limited in its occurrence, and useful as an index. 

Heterillina hensoni Grimsdale (Plate IIIs), de- 
scribed by Grimsdale. '* P- 228; pl. 20, Figs 1-6; text Figs 2 and 3 
This fossil is strictly limited to the lower part of the 
lower back-reef. 

The above brief remarks deal with fossils limited to 
the back-reef and reef facies. The following deal with 
those fossils which are of importance in the fore-reef 
facies of both associations. 

Lepidocyclina spp. Grimsdale established first that 
a closer determination into species of this group did 
not add any refinement to the zonation. The number 
of Lepidocyclina spp. (sensu lato) is small and practic- 
ally restricted to the following : Lepidocyclina ephip- 
pioides Jones and Chapman, Lepidocyclina yurna- 
gunensis Cushman, and Nephrolepidina marginata 
(Michelotti). No photographs of these well-known 
fossils have been appended. 

Nummulites spp. Here again Grimsdale established 
that further specification would not lead to further 
detail. Greatly predominant is Nuwmmulites inter- 
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medius-fichteli d’Archiac and Haime but a few simple 
and indeterminable radiate Nummulites spp. occur 
as well. 

Halkyardia minima (Liebus), “ Catalogue of For- 
aminifera,”’ occurs sporadically and is therefore of no 
great value. 

On the basis of these fossils and with the aid of Fig 
22, zonation became possible. The result is shown on 
the composite range chart and may be summarized as 
follows : 


Fore-reef 
Lepidocyclina zone 


Back-reef and reef 
kirkukensis zone 


delicata zone Lepidocyclina~Nummulites zone 

Dendrophyllum zone Nummulites 

paucial zone zone (?minima zone) 


The following remarks serve to elucidate this matter 
somewhat. 

The kirkukensis zone coincides with the range of 
Archaias kirkukensis and also carries Peneroplis 
evolutus, Peneroplis thomasi, Austrotrillina howchini, 
Praerhapidionina delicata, together with numerous 
mniliolids. 

The delicata zone can be defined, chiefly negatively, 
on the absence of Archaias kirkukensis, differentiating 
it from the overlying unit and on the absence of Den- 
drophyllum ef gurgurdanensis differentiating it from 
the underlying unit, the lower back-reef. 

The Dendrophyllum zone needs no clarification except 
to point out that in odd occurrences of Dendro- 
phyllum ef gurgurdanensis Thomas (MS) together with 
Praerhapidionina delicaia Henson the last fossil should 
be disregarded for the purpose of dating and those 
occurrences should be considered as belonging to the 
Dendrophyllum zone. 

Although the index fossil of this zone ranges down- 
wards, the occurrence of three rather distinctive fossils 
calls for the introduction of another zone, and this is 
termed the paucialveolata zone. 

Zonation in the fore-reef facies is less close, and 
there is little or no need to discuss it. 

It should be noted that in the above tabulation it 
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is not claimed that the kirkukensis zone of the upper 
back-reef is equivalent in age to the Lepidocyclina 
zone of the upper fore-reef. Nor is such relationship 
claimed between the delicata zone and the Lepido- 
cyclina~Nummulites zone. 

It is of interest and importance to show the distri- 
bution of these zones over the field. For that pur- 
pose the cross facies section, discussed above, has been 
completed by adding the fauni-zones (Fig 23). 

Once again, the results are to some extent mislead- 
ing, and further comment is found on p. 245. The 
actual limits between the various fauni-zones are 
partly hypothetical. 

The resulting picture is self-explanatory and, it is 
believed, furnishes further proof for the existence of 
two emigrating reef-controlled “cycles” separated 
by a transgression. 

A point of interest is that it is found that the oldest 
fossil zone reaches further shorewards than the 
younger one. In the lower one the paucialveolata 
zone can be seen directly underlying upper “ cycle ” 
sediments, whereas the delicata zone of the upper 
“eycle””’ directly underlies Lower Fars, close to the 
shore. 

This can be the result of two factors, or of a com- 
bination of these. 

There is tilt to explain emergence of the back-reef 
close to the shore, subjecting it to erosion which trun- 
cated the top part of the lower back-reef, leaving the 
lower part only, the paucialveolata zone. It will be 
remembered (pp. 247 et seq.) that there are additional 
arguments for tilt during the inter-“ cycle ” break. 

Another possibility is explanation by sedimentary 
means. In a lagoon, when the sea-level remains 
constant, continuous shallowing through sedimentation 
must be expected. The shallowest parts will there- 
fore fill up before the deeper parts. Thus, the shal- 
lower parts will contain only older sediments, as 
against the deeper parts, which will hold sediments 
of the older as well as of the younger generation. 
Therefore, under stable conditions, it is possible that 
the paucialveolata zone will reach farther towards 


Fig.23. SECTION ACROSS FACIES BELTS SHOWING 
THE FACIES AND FAUNA DISTRIBUTION DURING THE OLIGOCENE 
IN THE KIRKUK ANTICLINE 


SCALES 


HORIZONTAL 
zone f 3 

3 


VERTICAL 
NUMMULITES ZONE tore-reat 


Feet 
200 300 


LE GEN D 


rare: 
EOCENE 


AZZ) KIRKUKENSIS ZONE 
DELICATA ZONE 
20 

fore-reef 
zone 


} bock -reef/reet 


M. OLIGOCENE 


a 
| 
| 
bell 
| 
4 
| 
| 


252 VAN BELLEN: THE STRATIGRAPHY OF THE “MAIN LIMESTONE” OF THE 


the land than the elsewhere covering Dendrophyllum 
zone. 

It is possible, in principle, to explain the strati- 
graphy close to the shore by purely sedimentary 
means. Whether those sedimentary means can ex- 
plain in full all the findings is doubtful. The width 
of the paucialveolata zone, before it is joined or re- 
placed by the Dendrophyllum zone, is of the order of 
4 miles. It is not considered likely that this can be 
explained by purely sedimentary means. 


A SECTION ACROSS FACIES LINES THROUGH 
THE MAIN LIMESTONE OF KIRKUK 
STRUCTURE 


The foregoing remarks complete the discussion of 
the stratigraphy of the Main Limestone of Kirkuk. 
Fig 24 has been added to show a complete section 
through the Kirkuk Main Limestone. It is a com- 
bination of the two cross-sections given pi sviously and 
has consequently the combined disadvantages of both. 
Moreover, there is little doubt that the facies lines of 
the Paleocene—Eocene section are not parallel to those 
of the Oligocene. 

This figure was constructed simply, by overlapping 
the two components in the area of common wells and 
adjusting small differences in distances between the 
projected wells. 

It is interesting to note that the Upper Eocene is not, 
as it should normally be, in contact with Lower 
Oligocene below the Lower Fars. Owing to the inter- 
“cycle” transgression, the upper “ cycle’ overlaps 
over the lower one to a certain extent, and thereby 
is in somewhat anomalous contact with the Upper 
Eocene. 


THE STRATIGRAPHY AND PALAONTOLOGY 
OF THE OLIGOCENE OF THE QARAH 
CHAUQ DAGH 


The Qarah Chaug Dagh is a structure similar to the 
Kirkuk structure, though very much more deeply 
eroded. Much of its original Lower Fars cover has 
been removed and in one place (Azkand) the Upper 
Cretaceous is exposed. Three places where Eocene 
occurs at surface have already been dealt with, and a 
large part of the mountain is made up of Oligocene in 
various facies. 

A detailed investigation of material collected by 
D. M. Morton and F. J. Venn, geologists of the I.P.C., 
indicated that, apart from representatives of both 
Kirkuk “ cycles” a third “cycle” occurs between 
the base of the Lower Fars and the equivalent of the 
second “cycle” of Kirkuk. The absence of this 
“ eycle ” in Kirkuk, and the otherwise close correla- 
tion between Kirkuk and the Qarah Chauq Dagh, 
made it desirable to include the result of these investi- 
gations on Qarah Chauq Dagh in this paper. 

The location of the surface sections, eight in all, are 
given in Figs 2 and 33. Practically all material is 
badly recrystallized, and sometimes conclusions were 


reached only on the basis of knowledge gained from 
the Kirkuk structure. 

The northern dome is described first. Fig 27 gives 
the stratigraphy of the sections involved, and Figs 25 
and 26 provide their basis. It can be summarized as 
follows : 


Sheikh Alas : 
48 ft (v) delicata zone 
82 ft (iv) Lepidocycli um 
65 ft (iii) Dendrophyllum zone 
73 ft (ii/i) Nummulites zone 


zone 


An attempt to correlate this succession with what 
was found in the Kirkuk anticline must consider the 
following restrictions: the vertical succession in 
Sheikh Alas of the lower “ cycle ” shows that this part 
has to be correlated with the area between K-68 and 
K-69, limited on both sides by the facies directions of 
approximately N-120°-E. This can be deduced from 
Fig 23, where K-69 shows paucialveolata zone on 
Nummulites zone and K-68 with the last Dendro- 
phyllum zone on Nummulites zone. A similar argu- 
ment for the higher “ cycle ” suggests that the area of 
correlation should be limited on the south by a line at 
N-120°-E through K-109, which shows the last 
vestiges of the delicata zone (see Figs 6 and 22) and to 
the north by the coast. It is evident therefore that 
actual correlation should exist with the region where 
both areas overlap : between a limit running N-120°-E 
through K-69 and a limit in similar direction through 
K-109. It is of some interest to note that the thick- 
nesses of the zones of the Qarah Chauq Dagh differ 
much from their equivalents in Kirkuk. An attempt 


to explain this is made below. 
Malik Agha: 
38 ft (v) kirkukensis zone 
147 ft (iv) Lepidocyclina—Nummulites zone 


59 ft unbottomed (iii) lower back-reef, unknown zone 


No index fossil occurs in the lower back-reef, so that 
the zone represented cannot be determined. The 
vertical succession in the upper “ cycle” suggests 
correlation with the area south of a line running 
N-120°-E through K-32 (the first occurrence of the 
kirkukensis zone, see Fig 22). The fact that lower 
back-reef occurs below the Lepidocyclina—N ummulites 
limits the region of correlation to the strip between 
K-32 and K-68 (Fig 23), which should run in a N- 
120°-E direction. Again, it may be noted, the thick- 
nesses of the various zones in the Qarah Chauq Dagh 
are less than in Kirkuk. 


Pir Daud (2): 
63 ft (v) kirkukensis zone 
137 ft (iv) Lepidocyclina~Nummulites zone 
110 ft (iii) Indeterminable interval 
54 ft (ii/i) Nummulites zone 
57 ft Indeterminable interval 
Owing to strong recrystallization, one interval of 
110 ft thick and one of 57 ft thick cannot be classified. 
Graphic reconstruction, as attempted in Fig 27, shows 
how these intervals will probably have to be determined. 
Correlation with Kirkuk, argued on lines similar to 
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the ones used above, should exist with the region be- Correlation, argued as above, points clearly to the 
tween K-68 and K-32, a strip orientated in a N-120°-E same strip with which Pir Daud (2) could be corre- 
direction. Again, it may be noted, thicknesses are lated. 


less than in Kirkuk. , 
Palani: 
Pir Daud (1): (v) zone 
* pirkukensie zone t i Lepidocyclina zone 
idocyclina—N’ lit 282-7 ft off-shore fore-reef, zone unknown 
mast The dating of the lower off-shore fore-reef is based 


54 ft iii) Dendrophyllum 
100 ft unbottomed dip Nummulites aie. gr on the occurrence of Dendrophyllum ef gurgurdanensis. 
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gerinal sediments, suggesting a direction for 
the edge of the shelf of N-120°-E, i.e. Hel 
= to the direction of the time 
z Is § |. els X It is of noimmediate concern what happens 
> ape x to this direction between Palani and the 
K-68-K-85 area. It is known to swing 
w é 3 SAS slightly to approximately N-110°-E in the 
Kirkuk structure, but it is almost certain 
to approach N-120°-E in the northern dome, 
which is the area of interest. 
366-444 56-70" This direction has therefore been used for 
444-48" te 70’-3906" the construction of a cross-facies section 
48-64 906-13" through the northern dome, Fig 27. As in 
the case of Kirkuk, this section shows a 
8310788) 1436-155" bipartition of the Oligocene, reef-controlled, 
8910" 58 155°— 167" and divided by a transgression. The section 
987-115 Py een also shows strict correlation with Kirkuk as 
far as faunizones are concerned. 
730-138 igs C1907 Despite this close correlation, there are 
1386 486 790-270" amy | two differences in detail between Kirkuk and 
the Qarah Chauq Dagh (North) which are 
164-180" a described later. First, the fact that the 
| = paces Fig: 26 overall thickness of each “cycle” in Qarah 
795 2066 RANGE CHARTS Chauq Dagh’s northern dome is smaller than 
2066 "2166" the corresponding thicknesses in Kirkuk 
2166-22!’ OF SECTIONS IN THE and, secondly, that there is no representative 
SS NORTHERN DOME OF of the lower globigerinal facies in the 
m5 a northern dome of the Qarah Chauq Dagh 
SARAH CHAUO DAGH such as can be found below the lower fore- 
250-262" LEGEND reef of Kirkuk south-east of K-14. 
1262-268" The foregoing remarks relate to the strati- 
[2667 272" >: graphy of the northern dome of the Qarah 
ee ene Chauq Dagh. The southern dome shows a 
297 @: back-reef {reef } different stratigraphy, which necessitates 
@: fore-reef Oligocene its separate treatment. 
324-330 ©: There are three sections on the southern 
330-348" : dome, Dara Khurma, Ali Rash, and 
348-360'| | Azkand Cirque, the locations of which are 
shown in Figs 2 and 33. 


There is little doubt possible that the Nwmmuilites 
zone is represented in fact, but the facies is too far 
off-shore to allow Nummulites spp. to occur. 

Correlation with Kirkuk points immediately to the 
area between K-68 and K-85. 


All these sections occur in the northern dome of the 
Qarah Chauq Dagh, and there is no doubt that the 
time lines in this area also run along a N-120°-E 
direction. As there is no reason why facies lines 
should be parallel to time lines, some means must be 
found to trace the facies lines as well. This cannot be 
done in the northern dome alone, as the sections are 
too few and far between. A facies direction can, 


however, be estimated once the direction of the actual 
edge of the reef potential area is known. This edge 
obviously controls the distribution of the reef, and 
thereby of the fore- and back-reef facies. 

That direction is known to a certain extent, for in 
the Palani section and in the K-68—K-85 area the 
eycle 


” 


lower changes its facies to off-shore globi- 


The most complete section, Azkand Cirque, 
shows on top of Eocene, which has already been dealt 
with, Oligocenerepresenting the second Kirkuk “‘cycle”’ 
with Lepidocyclina sp. in fore-reef facies (33 m, 108 ft) 
with a few interdigitations of more off-shore sediments. 
This same facies, though without indications of off- 
shore material, also occurs in Dara Khurma (102 m, 
335 ft unbottomed), but Ali Rash apparently does not 
go deep enough to reach it. It is obvious, therefore, 
that the Dara Khurma facies represents a nearer-shore 
development than the Azkand facies. 

The first important difference from the northern 
dome is therefore the absence of material from the 
lower “cycle.” The contact with the Eocene is 
glauconitic in Azkand, and absence of the lower 
“eycle’’ here is explained by non-deposition or a 
combination of deposition and submarine erosion and 
winnowing, which accounts for the glauconite con- 
centration. 

It is realized that other explanations can be found. 
A tectonic explanation, rise at the end of the Eocene, 
non-deposition of the first “ cycle,” and resubmergence 


4 
> 


during the inter-“ cycle’ transgression, has the dis- 
advantage of restricting a tectonic event to a small 
area, as nowhere else in the neighbourhood do indica- 
tions exist of such movements. Another similar 
explanation requires emergence at the end of the 
Eocene and during the lower “ cycle,” and submer- 
gence during the transgression. This has the dis- 
advantage that one would expect the gap between 
upper “cycle’’ and Eocene to widen towards the 
northern dome, whereas in fact material of the lower 
“ eyele””’ is found there. 

Though no direct proof exists, it would seem there- 
fore that the explanation of the absence of the lower 
“ eycle ” in the Azkand section through non-deposition 
and winnowing is the most likely. 

A second important difference from the northern 
dome is the fact that this second “ cycle ” material is 
covered by sediments of yet another reef-controlled 
“ eycle.” This is represented as back-reef in Dara 
Khurma, back-reef and reef in Ali Rash, and back- 
reef, reef, and fore-reef in Azkand. Figs 28 and 29 
elucidate this succession, which is clearly indicative 
of reef control. This third “cycle” can be sub- 
divided into two faunizones, the first, the lower one 
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would seem (p. 235) that subsidence of sea-level out- 
balanced by strong reef growth could produce such 
configuration, a regression therefore already heralded 
by the regression which separates this third “ cycle ” 
from its predecessor. 

This probable origin has an important bearing on 
the width of this third reef belt. It will be consider- 
ably narrower than the ones known from the Kirkuk 
“ eycles.”” How narrow cannot be said as vet, as no 
off-shore sediments of this “ cycle ”’ have been found. 


CORRELATION BETWEEN THE NORTHERN 
AND THE SOUTHERN DOMES OF THE 
QARAH CHAUQ DAGH 


There is therefore a good deal of difference between 
the stratigraphy of the northern and of the southern 
dome. The absence of the third “cycle” in the 
northern dome and the absence of the first “ cycle ”’ in 
the southern dome are the most important differences. 
Variations in thickness of corresponding units in the 
Qarah Chauq Dagh and Kirkuk anticlines can be 


embracing fore-reef only and characterized by 
Lepidocyclina spp. and M togypsinoides complanata 
(Schlumberger), the second, covering this, showing 
fore-reef and back-reef characterized by Miogypsi- 
noides complanata only.* 


Although too few data are available and although 
only the coastal part of this third “cycle” is known, 
it is nevertheless of interest to find out the mode of 
origin of this “cycle.” The back-reef facies increases 
its thickness rapidly seawards to a measurable maxi- 
mum of 192 ft, just short of the critical 200 ft. It 
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* The choice of Miogypsinoides complanata as an index- 
fossil for a back-reef environment was necessary because of 
lack of any other suitable genuine back-reef fossil. It would 
seem probable that these fossils were swept into the lagoon 
from the fore-reef realm. If it were possible to demonstrate 
that Lepidocyclina spp. could not have been swept into the 


lagoon for some reason or other, perhaps because they were 
too heavy, although they were present in the fore-reef, it 
would necessitate revision of the concept of two fauni-zones 
in this “ cyele,”” because absence of Lepidocyclina spp. in the 
back-reef at Dara Khurma would then not have any strati- 
graphical significance. 
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Fig.29: Tabulation for correlations in the Qarah Chauq Dagh (South) 


AGE 


AL! RASH 


DARA KHURMA 


back-reef 49 
(with Miogypsinoides sp.) 

? UPPER 
OLIGOCENE 


back-reet/reet 

(with Miogypsinoides sp.) 
feef unbottomed 55 
(with Miogypsinoides sp. 

and Lepidocyclina sp) 


AZKAND CIRQUE 


140 back-reet /reet 195 
,|(with Miogypsinoides sp.) 
tore-reet 240 
(with Miogypsinoides sp. 
and Lepidocyclina sp.) 


?MIDDLE | fore-reef unbottomed 334) 


OLIGOCENE) (with Lepidoeylina sp.) 


NOT EXPOSED 


fore-reef 
with Lepidocyclina sp. 


EOCENE NOT EXPOSED 


NOT EXPOSED 


oft shore 165 


found by comparing Figs 24 and 28, reproduced in 
Fig 33. 

Neither the time-stratigraphies nor the facies- 
stratigraphies can be correlated directly. The nor- 
thern cross-facies section runs approximately per- 
pendicular to a N-120°-E direction, and this direction 
is unlikely to be valid for the southern dome. This 
becomes obvious when comparing the Azkand strati- 
graphy with the stratigraphy of Dara Khurma. 
These two locations occur on a line running about 
N-120°-E and, consequently, their facies distribution 
should be nearly the same. This is, as can be noticed, 
not the fact. 

There is little doubt therefore that the facies strati- 
graphy of the southern dome must be governed by a 
slightly different direction of the coastline. Fig 33 
shows how slight this swing need be. (The trace of 
the facies lines there has taken into account data from 
Bai Hassan, which is discussed later on.) This facies 
direction allows a cross-facies section to be drawn, as 
given in Fig 28. 

Fig 28 can now be linked up with Fig 27 so as to 
provide a cross-facies section of the entire Qarah Chauq 
Dagh. The stratigraphy of the saddle between the 
two domes remains unknown, but an attempt at 
reconstruction has been made. The resulting section 
is now directly comparable with Fig 24, the cross- 
facies section through the Kirkuk anticline. 

Fig 30 shows clearly the second “‘ cycle ’’ transgress- 
ing over the first and below a third one which was 
“ triggered ”’ farther off the original shore after a 
regression had cut the second “cycle” short. This 
regression left the top of the second “‘ cycle ” in Kirkuk 
and Qarah Chauq Dagh (North) above sea-level, so 
that in these areas a period of non-deposition followed, 
whilst the third ‘“ cycle’ was deposited farther to- 
wards the south-west. 

All that is known of this third “cycle” is the 
approximate position of its coastline. In the Qarah 
Chauq Dagh, this coastline must occur landwards of 
the seaward edge of the reef-potential area of the 
second “cycle.” Because of absence of material of 
this third ‘“‘ cycle’ in the Tarjil area of Kirkuk, it is 


obvious that it must pass to the seaward of the edge 
of the reef-potential area at the end of the Kirkuk 
structure. Somewhere, therefore, the two lines 
should cross. Apart from the fact that this crossing 
must happen between Bai Hassan and Tarjil (see 
below), nothing further is known about the point of 
crossing. 

Comparing the two cross-facies sections (Figs 24, 30, 
and 33), differences as already mentioned above 
between the two stratigraphies can be noticed. Each 
reef ‘‘ cycle” in the Qarah Chauq Dagh is thinner 
than its equivalent in Kirkuk, with the obvious 
exception of the third ‘“ cycle,” which is absent in 
Kirkuk. 

The explanation of this: phenomenon lies probably 
in the fact that the original Eocene shelf was shallower, 
gentler, and broader in the Qarah Chauq Dagh region 
than in the Kirkuk area, This can be seen from the 
position and configuration of the top of the Eocene 
in the two sections. There was consequently less 
“room ”’ for each sequence in the Qarah Chaug Dagh, 
with the result that the corresponding deposits are 
thinner. 

The same explanation goes for the fact that the 
back-reef facies in the Qarah Chauq Dagh is always 
thinner than its equivalent in Kirkuk. Because the 
original shelf was shallower, the reef wall controlling 
the depth of the lagoon was lower. The depth of the 
lagoon was therefore smaller, and consequently the 
lagoonal sediments are thinner. 

Again, this explanation can be used to understand 
the absence of off-shore globigerinal sediments of the 
first ‘‘ cycle’ in the northern dome. The shallower 
shelf made immediate reef growth possible in the 
Qarah Chaug Dagh, but in Kirkuk the sea bottom 
had still to be brought up to reef-growing level by 
filling up with off-shore globigerinal sediments. 


THE PRE-MIOCENE STRATIGRAPHY OF 
BAI HASSAN No. 3 


The structure on which well Bai Hassin No. 3 is 
located runs approximately half-way between the 


; 
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Qarah Chaug Dagh and Kirkuk structures. It differs 
from the Qarah Chauq Dagh in the fact that it is 
lower and exposes only Lower Fars in the crestal 
areas, Upper Fars forming the flanks. 

BH-3 penetrates the entire Main Limestone and 
was completed in the top of the Eocene. —— : 

This well shows a stratigraphy of the Main Lime- tL : 
stone which is of great interest for the entire theory ee Sereaaa 
exposed here. The following was found, corrected for x th 
dip (Fig 31) : : 

156 ft kirkukensis zone (v) 
232 ft Lepidocyclina zone (iv) 
85 ft Lepidocyclina—Nummulites zone (iii) 
25 ft Nummulites zone (ii/i) 
220 ft off-shore deposits (g) 

Whereas the wells in the Kirkuk structure hardly 
ever showed a proper coral reef and whereas, in fact, 
only fragments of reef-forming organisms were found, © 
the reef and back-reef facies here shows a great thick- 
ness (145 ft) of actual coral reef. The reason for this 
is obvious. Whilst the reef moves seawards reef 
material behind it loses its cohesion and slowly 
crumbles to fragments, which are subsequently taken 
up in the back-reef deposits. There is only one situa- 
tion therefore where actual reef in the form of a sur- 
viving reef ‘‘ wall’’ can be found. That is where the 
reef ceases to move in order to build up first a founda- 
tion shallow enough to enable reef organisms to grow. 
A prominent reef ‘‘ wall”’ will then develop and be 
preserved. Migration can take place only after the 
supply of detritus has raised the sea bottom to reef 
building level. Migration will generally be arrested 
at the seaward edge of the shelf, where the latter 
plunges into depth. 

This area in the Kirkuk structure must occur beyond 
K-46, where lack of points of observation prohibits 
testing this hypothesis. 

It would seem correct that this point in the Bai 
Hassan structure coincides with the area around BH-3. 
If the hypothesis is correct therefore, no wells south- 
west of BH-3 should show any back-reef of the second 
“ eyele,” and this ‘‘ cycle” should be represented by 
fore-reef and perhaps off-shore sediments only. One 
such well has been drilled, about 2 miles south-west 
of BH-3, and indeed it was found that the second 
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above off-shore material of the first “‘cycle’’ and . tt} 3 3 
below back-reef facies of the third “ cycle.” 
This proves to some extent that the above given S 0 | 5 34 
hypothesis is correct. It is here that the main interest WZ i zs 
of the BH-3 stratigraphy lies. Findings in Bai J THT 
Hassan also serve to demonstrate the possibility of 
and the Kirkuk structure (K-85) as given in Fig 32. g : 3 
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indicated on the diagram. The value of the evidence 
for the various small swings can be judged by the 
various well symbols which are explained in the legend. 

The position of the coastline of the first “‘ cycle ”’ is 
to some extent artificial, as part of the coastal sedi- 
ments have probably been removed by pre-Lower 
Fars erosion. The only area of control is between 
K-93 and K-76. South-eastwards and north-west- 
wards the extension has been drawn parallel to the 
time line separating Middle from Upper Eocene. The 
resulting line marks therefore as closely as possible the 
position of the coast of the Upper Eocene shelf, which 
governed the position of the first reef sequence. 

The time contact between the first and the second 
“ eycle”’ is controlled only between K-94 and K-76. 
Extensions have again been drawn parallel to the time 
line separating Middle from Upper Eocene. 

It should thus be well understood that the parallel- 
ism between these three lines is to some extent arti- 
ficial. 

The seaward edge of the lowest reef-potential area, 
coinciding by definition with the belt where fore-reef 
changes into off-shore facies (a transition zone, no 
doubt) is controlled in the area of Palani, where this 
change must take place (see Fig 30). It is also con- 
trolled in BH-3, where only a small thickness of lower 
fore-reef is present so that the line should go slightly 
seawards of this well. Finally, it is controlled be- 
tween K-68 and K-85 where the change of facies can 
be marked on Fig 24. The curve of the edge of the 
shelf in the area of the southern dome of Qarah Chaugq 
Dagh has been discussed above, and is necessitated by 
the facies distribution of the second reef “ cycle.” 
Whether the first reef “‘ cycle ” should be limited in a 
similar way is to some extent debatable. 

The seaward edge of the shelf used by the second 
“ eycle ’ should run somewhat more seawards than its 
lower equivalent. That is obvious from wells in the 
Tarjil area, where K-46 is on the shelf, showing still 
back-reef facies. It must also occur seawards of 
Azkand, where the second “ cycle” already shows 
tongues of more off-shore sediment in its fore-reef. 
Finally, it should run far seawards of BH-3, where 
proper fore-reef is still present. The control on this 
shelf edge is therefore relatively weak, and there is no 
reason why it should not be shifted within the limits 
imposed upon it. 

It may be noted that during the first “cycle” as 
well as during the second the shelf was broader in 
the north-west than in the south-east, and this tallies 
with findings from other sources. Facies lines there- 
fore converge somewhat from north-west to south- 
east during the first two “ cycles.” 

This principle would suggest that material from the 
third “ cycle” should be found in the area of K-85, 
equivalent to what is found near Azkand. The fact 
that such is not the case proves that the facies lines 
controlling this third “‘ cycle” cannot be parallel to 
the ones controlling the second “cycle.” The point 
of crossing between the two sets is unknown, but it 
must occur between Bai Hassan and K-46, because the 


fourth well drilled on Bai Hassan and mentioned on 
p. 257 does show back-reef material of this third 
sequence, whereas, as stated, K-46 does not. A third 
point of observation, outside the area of investigation, 
some 40 km (25 miles) south-east of K-46, shows back- 
reef material of this third sequence also, and thus 
fixes the course of the coastline of this third “ cycle ” 
to some extent. The tracing of this line on Fig 33 is 
only one of several possible solutions. 

The crossing of the landward edge of the shelf of 
the third “‘ cycle” and the seaward edge of the shelf 
of the second “ cycle” is therefore the result of the 
fact that the two groups of facies lines are not parallel. 

It is possible to explain this sedimentologically. It 
has been demonstrated that the shelfs, on which the 
first two “cycles” were accommodated, become 
narrower and deeper towards the south-east. There- 
fore, each facies zone will become narrower from north- 
west to south-east. This decrease in width will per- 
sist in time until the discrepancy in depth between the 
shelf in the north-west and the south-east has dis- 
appeared, through sedimentary factors. From then 
on the facies lines will run parallel. 

The disappearance of the discrepancy in width and 
depth was probably effected during the period of 
deposition of the first two “‘ cycles,” so that the facies 
lines of the third cycle must cross facies lines of pre- 
vious “ cycles,” though the lines of the third “ cycle ”’ 
itself may well run parallel to each other. 

Apart from the correlation mentioned on p. 257, Fig 
32 also shows small discrepancies (presence of thin 
lower fore-reef in BH-3 and thicker off-shore sediments 
of the second “ cycle” in K-85), which indicate that 
facies lines for the first and the second “ cycles ” and 
the line of section are not truly parallel and that the 
facies lines are not straight. The discrepancies, how- 
ever, can be considered small, judging from the fact 
that the distance between Palani and K-85 is of the 
order of 80 km, 50 miles. 


THE AGE OF THE “CYCLES” AND 
THEIR ROCK UNITS 


The key to the age of the three “ cycles” is found 
in the fauna occurring in the fore-reef facies of the 
third “cycle.” Miogypsinoides complanata occurs 
together there with Lepidocyclina sp., an association 
identical with the faunal association of the Upper 
Oligocene in the south-western part of France.1? 

This would mean, although the foundation for this 
dating is admittedly weak, that the third “ cycle ” is 
of Upper Oligocene age. Without additional evidence 
it is assumed that the second “ cycle’”’ is of Middle 
Oligocene age, whilst the first one is dated as Lower 
Oligocene. It is not claimed that these datings 
coincide with the European subdivisions of the Oligo- 
cene in their type locality, and it will be noticed that 
in the diagrams the datings have been queried. There 
is at present no additional evidence to be found from 
the material examined for any other or any more 
precise dating. 
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It has been found convenient to refer to the various 
facies encountered in terms of rock units. Fig 34 
gives the names in use. The following are their 
definitions : 

Anah formation (Plate VIIIa and B). The actual 
type locality of this formation is about 9 miles east of 
the village of Nahiyah (latitude 34° 26’ 45’, longitude 
41° 33’ 20”) on the Euphrates River. From there 
Ainsworth ! described in 1838 a “ formation of lime- 
stone with cerithiz ’’ which subsequent unpublished 
research by Dr F. R. 8. Henson and the present 
author proved to be of sufficient importance to be 
considered as a rock unit. 

de Boeck? mentions a “ dolomitic limestone” of 
which the Anah limestone is without much doubt 
partly a synonym. Nicolesco ** mentions the “‘ Kara 
Tchauq Dagh Series,”’ part of which is synonymous 
with the above formation. The same goes for 
Macovei’s?” “Calcaire de |’Euphrate,” “ Calcaire 
d’Asmari,”’ and “ Série d’Asmari.’”” Henson refers 
to this formation as “ U. Oligocene limestone” and 
as “U. Oligocene—?Lower Miocene Miliola lime- 
stone.” 

As, however, the type locality of this formation 
occurs outside the area covered by this article it has 
been found convenient to consider an areal type 
locality within that region. Such a section occurs 
about 2} miles N-43}°-E of the village of Ali Rash 
(latitude 36° 17’ 02”, longitude 37° 17’ 58’) on the 
southern dome of the Qarah Chauq Dagh. 

The formation underlying the Anah limestone there 
is not exposed, but is without doubt the Azkand lime- 
stone (see below). Wherever else this formation 
occurs, the contact with the underlying formation is 
conformable, whereas the contact with the overlying 
rocks—Miocene limestones—is unconformable (these 
terms are used in the sense as defined by Rutten”). 

A thickness of nearly 200 ft of generally white or 
grey dolomitized and recrystallized limestone occurs. 
This is massive in the lower part, but becomes thinner 
bedded higher up. The formation contains Anthozoa, 
Bryozoa, Miogypsinoides complanata, Lepidocyclina 
spp., and Rotalia viennoti Greig in the lower 45 ft. 
Upwards this is followed by about 23 ft of reef facies 
with Anthozoa and rare Miogypsinoides complanata, 
but probably without Lepidocyclina spp. Covering 
thiy are 120 ft of strongly recrystallized and dolo- 
mitized back-reef facies with rare Miogypsinoides 
complanata, Austrotrillina howchini, Meandropsina 
anahensis Henson, and indeterminable Miliolide. 
The age of this formation is considered to be ?Upper 
Oligocene. 

The Azkand formation (Plate VIIIc) has its type 
locality on the north-east face of the Azkand Cirque, 
3 miles N-65°-E from the village of Azkand (latitude 
35° 43’ 58’, longitude 43° 37’ 25’’) on the southern 
dome of the Qarah Chauq Dagh. 

de Boeck’s term ‘ dolomitic limestone ” ? is partly 
synonymous with this formation name. It is possible 
that Nicolesco’s ‘‘ Kara Tchauq Dagh Series ’’ ** and 
Macovei’s “ Calcaire d’Asmari,”’ Calcaire de |’Eu- 
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phrate,” and “Série d’Asmari” are also partly 
synonymous.?? 

This formation covers the Baba limestone (see be- 
low) conformably though regressively, and in its turn 
is covered by the Anah limestone as mentioned above. 
It has never been found covering the Bajawan forma- 
tion (see below), but it is theoretically possible that it 
covers somewhere the Tarjil formation (see below). 

A thickness of 340 ft of generally massive dolomitic 
limestone shows Rotalia viennoti, Heterostegina cf 
assilinoides Blanckenhorn, Miogypsinoides complanata 
joined by Lepidocyclina spp. in the lower 250 ft only. 
The age is probably also ?Upper Oligocene, as the 
formation forms the fore-reef facies of the Anah 
formation. 

The Bajawan formation (Plate VIIIa) finds its 
type locality in well K-109 on the Baba dome of the 
Kirkuk structure. It is named after the village 
Bajawan, which occurs in that area. The co-ordinates 
of K-109 are: latitude 35° 33’ 08” and longitude 
44° 18’ 55”. This rock unit is synonymous with part 
of Nicolesco’s ‘‘ Kara Tchauq Dagh Series’ ** and 
with part of Macovei’s “ Calcaire d’Asmari,” “ Cal- 
caire de |l’Euphrate,”’ and “ Serie d’Asmari.” 2? The 
formation also forms part of Barber’s® “ Qarah 
Chauk Group ”’ as well as part of his “‘ Miliola and reef 
limestones.”’ Henson refers to it as U. Oligocene 
Miliola limestone,”’ Oligocene Miliola limestone,” 
*“ Oligocene limestone,” and “ Miliola limestone.”’ 
Finally, it is synonymous with Daniel’s 1° MR/2. 

Underlying the Basal Fars Conglomerate (see p. 233), 
which is transgressive, it overlies the Baba limestone 
(see below) conformably. A thickness of 128 ft con- 
sists of an alternating sequence of tight cream coloured 
back-reef miliolid limestone and more porous patchily 
dolomitized rotalid-algal reef limestone with fairly 
abundant coral fragments. The reef beds become 
thicker and more abundant towards the base of the 
formation. The fauna comprises Miliolide spp. 
indet., Praerhapidionina delicata, Archaias kirkukensis, 
Peneroplis thomasi, Peneroplis evolutus, Austrotrillina 
howchini, Corallinacea, Bryozoa, and Anthozoa. 

The age of this formation is most likely to be 
¢*Middle Oligocene, but true evidence lacks. 

The Baba formation (Plate VITs) has its type locality 
again in K-109, and is named after the village of Baba 
Gurgur, which also gave the Baba dome its name. 

Again synonymity must be accepted with part of 
Nicolesco’s “‘ Kara Tchauq Dagh Series ’’ 2° and with 
part of Macovei’s “ Calcaire d’Asmari,”’ “ Calcaire de 
l’Euphrate,” and ‘Serie d’Asmari.” de Boeck * 
refers to its equivalent as “rubbly limestone” *»-* 
and as “limestones containing Lepidocyclina ef for- 
mosa.”’ ®:P-8 Without much doubt, this formation is 
also part of Barber’s * “ Nummulite limestone ” and 
of his ‘‘ Qarah Chauk Group.” It is also synonymous 
with Daniel’s FO/2.1° 

The formation is covered conformably by the Ba- 
jawan formation in its type locality, but elsewhere in 
the area may be covered regressively by the afore- 
mentioned Azkand formation or Anah formation. It 
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overlies the Shurau formation transgressively, but 
may elsewhere overlie the Tarjil formation conform- 
ably (see below). 

Sixty-five ft of porous dolomitized limestone con- 
tain Nummulites intermedius-fichteli, Nummulites spp., 
Operculina sp., rare Lepidocyclina spp., and rare 
Bryozoa. Elsewhere all Nummulites spp. may be 
absent, and more Lepidocyclina spp. may occur to- 
gether with Rotalia viennoti and occasional Hetero- 
stegina cf assilinoides. 

It is probable that the age of the formation is 
¢Middle Oligocene. The unit forms the fore-reef 
equivalent of the Bajawan limestone. 

The Tarjil formation has its type locality in K-85, 
which is situated at latitude 35° 26’ 42” and longitude 
44° 25’ 28”. It gets its name from the village of 
Tarjil, which also named the Tarjil plunge, on which it 
is located. 

The formation is part of what Baker (Henson) ? 
calls “ globigerinal limestones and marls,’’ whereas 
Barber’s “ Globigerina limestone ’’ and ‘ Qarah 
Chauk Group” are also partly equivalent with it. 
Daniel’s 1° GO/2 is synonymous with it as well. 

It underlies in its type locality the Baba formation 
conformably, but elsewhere may occur below the 
Azkand formation or below an as yet undefined and 
undetected off-shore equivalent thereof, both of which 
will in that case cover it conformably though regres- 
sively. 

In its type locality it overlies the Palani formation 
(see below), from which it is separated by a strati- 
graphic break marked by glauconite. 

Its thickness of some 250 ft consists entirely of 
slightly dolomitized globigerinal marly limestone, of 
which the fauna has as yet not been analysed properly. 
The formation is probably of *Middle Oligocene age 
and forms the off-shore equivalent of the Baba forma- 
tion, which, in its turn, is the fore-reef equivalent of 
the Bajawan limestone. 

The Shurau formation (Plate VIA) has again been 
defined from K-109 and has been named after the 
village of Shurau on the Baba dome (latitude 35° 30’ 
03’, longitude 44° 22’ 45’’). 

Again this formation forms part of Nicolesco’s 
“Kara Tchauq Dagh Series” and of Macovei’s three 
units. Henson ® refers to it as “‘ L.-M. Oligocene 
Miliola limestones,” and the formation is also partly 
equivalent to his ‘‘ Lower Reef Limestones.”” Grims- 
dale 1° mentions “ Miliola limestone,” which is also 
synonymous. Barber® gives “Miliola and _ reef 
limestones,” part of which is synonymous with this 
formation. The same is true for his “ Qarah Chauk 
Group.” Daniel’s #° MR/1 again is synonymous with 
this formation. 

In K-109 it is covered conformably but transgres- 
sively by the Baba formation, but elsewhere the 
Bajawan formation may cover it in the same way. It 
overlies in its turn conformably the Sheikh Alas forma- 
tion (see below), but may elsewhere lie directly on 
Eocene. 

A thickness of 60 ft consists of about 18 ft of grey 
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dense flocculitic limestone with abundant miliolids, 
rare Rotalia viennoti, and a few Alga, and 42 ft of 
porous coralline reef limestone with Dendrophyllum ef 
gurgurdanensis with back-reef intercalations at the top. 
Austrotrillina howchini, Austrotrillina paucialveolata, 
Archaias operculiniformis, and miliolids occur as well. 

The age is probably *Lower Oligocene, but this 
could not be proved by fossils. 

The Sheikh Alas formation (Plate VIB) has its type 
locality about 800 yd N-252°-E of the village of Sheikh 
Alas (latitude 35° 54’ 38’, longitude 43° 35’ 30’) on 
the northern dome of the Qarah Chauq Dagh, where 
this formation occurs in outcrop. It is more widely 
distributed in the wells on the Kirkuk structure, 
however. 

Shurau formation covers this formation conform- 
ably. Elsewhere Baba formation occurs conformably 
but transgressively on top of it. In its type locality 
Sheikh Alas formation covers Eocene shoal limestones, 
but elsewhere it may cover the Palani formation (see 
below) conformably. 

The formation is synonymous to part of Nicolesco’s 
“Kara Tchauq Dagh Series” ?* and to part of 
Macovei’s three units mentioned repeatedly above. 
de Boeck et al. mention “ limestones with N. inter- 
medius-fichteli,” »-»-°* which, without much doubt, 
are equivalent to this formation. The same is true 
for part of Barber’s ® ““‘ Nummulite limestone” and 
“ Qarah Chauk Group.” Daniel’s FO/1 is also 
synonymous. 

Eighty-five ft of dolomitic and _ reerystallized 
generally porous and occasionally rubbly limestone 
contains obscured Nummulites fichteli-intermedius and 
some indeterminable radiate Nummulites spp. Else- 
where fragments of indeterminable rotalids occur with 
Dendrophyllum ef gurgurdanensis. 

This formation is the fore-reef equivalent of the 
Shurau formation, and is probably of ?Lower Oligo- 
cene age. 

The Palani formation with its type locality in K-85 
on the Tarjil plunge again but named after the village 
of Palani (latitude 35° 49’ 15’’, longitude 43° 35’ 30°’) 
on the northern dome of the Qarah Chauq Dagh, 
where the formation occurs in outcrop (though 
strongly recrystallized and alternating with fingers of 
Sheikh Alas formation), overlies Eocene in all cases 
but underlies Sheikh Alas formation conformably or is 
separated from an overlying Tarjil formation by a 
transgression marked by glauconite. 

The formation is synonymous with part of Baker’s 
(Henson’s) “ globigerinal marly limestones and 
marls.” 7 It is also equivalent to part of Barber’s ® 
“ Globigerina limestone” and of his “‘ Qarah Chauk 
Group.”” Daniel’s GO/1 is also synonymous.!° 

It consists of 210 ft of somewhat dolomitized 
globigerinal marly limestone, very similar to that of 
the Tarjil formation. Ié is probably of Lower 
Oligocene age and is the off-shore equivalent of the 
Sheikh Alas formation. Its fauna has not yet been 
analysed. Plate VIc illustrates a typical example. 
These eight formations form together the Kirkuk 
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group, which should also include an as yet undis- 
covered or unidentified off-shore equivalent of the 
Anah—Azkand formation if subsequently found. This 
group can be defined as a sequence of reef-controlled 
sediments of Oligocene age in which three separate 
reef ‘‘ cycles” can be distinguished. The first two 
are separated by a transgression, the last covers the 
second after aregression. Palsontologically a number 
of faunizones can be defined in some of the formations 
which have been dealt with more extensively above. 
This group as such is partly synonymous with 
Nicolesco’s Kara Tchauq Dagh Series,” Macovei’s 
“Calcaire d’Asmari,” ‘‘ Calcaire de |’Euphrate,” and 
“Serie d’Asmari,” 27 and with Barber’s ‘‘ Qarah 
Chauk Group.’® All these older terms, however, 
cover, apart from the genetically logical Kirkuk group, 
other formations of Eocene and Miocene age, which 
makes retaining of these terms inadvisable. The 
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reef-potential area by deepening of the sea (and 
drowning of the former reef deposits) near the original 
shore. This second ?Middle Oligocene reef develop- 
ment was cut short at the end of the Middle Oligo- 
cene by withdrawal of the sea. 

The regression at the end of the *Middle Oligocene 
resulted in emergence of practically the entire ¢Middle 
Oligocene reef-potential area. The result was a new 
coastline. The position and direction of this *Upper 
Oligocene coastline was directly dependent on the 
slope of the *Middle Oligocene shelf. Where this was 
steeper, in the south-east, the coastline was close to 
the edge of the ?Middle Oligocene shelf. Where it 
was less steep, in the north-west, the coastline was 
farther away from that edge. The coastline in the 
south-east lies south-west of the Tarjil plunge, but 
evidence exists in adjoining areas that such a coastline 
did indeed exist. Renewed—?Upper Oligocene— 
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formations themselves are all clearly mappable in the 
field which allows them to be raised in fact. 


CONCLUSIONS AND FINAL REMARKS 


The existence of an Oligocene reef-potential area 
striking between N-110°-E and N-120°-E (with local 
variations) must be accepted. Its width varies be- 
tween roughly 20 km (12-5 miles) in the NW. to some 
16 km (10 miles) in the central area and to again some 
20 km (12-5 miles) in the SE. 

This reef belt first became inhabited by reef-forming 
organisms when an Upper Eocene regression brought 
the sea floor to optimum level. There is slight evi- 
dence in the existence of a basal Oligocene conglo- 
merate in K-86 only that there might have been a 
small basal Oligocene transgression prior to the reef 
formation. Stabilization decreased the reef-potential- 
ity at any one place and forced the reef to seek opti- 
mum water depth farther and farther from land, there- 
by compelling it to grow over its own fore-reef and 
permitting behind it the development of a lagoonal 
back-reef facies. 

At the end of the (¢Lower Oligocene the reef- 
potential area was filled up and additional reef-growth 
became possible only after a transgression re-created a 


reef formation took place along that coastline. Fig 33 
shows the extent of the original reef-potential area, 
which coincides approximately with the ?Lower Oli- 
gocene reef belt. The ¢Middle Oligocene reef belt 
extended farther seawards (the *Lower Oligocene 
fore-reef having shallowed that area) as well as farther 
landwards (owing to the transgression). The ?Upper 
Oligocene reef did extend farther seawards because of 
the shallowing due to the ?Middle Oligocene fore-reefs, 
but it did not extend as far landwards as the ?Middle 
Oligocene because of its origin after a regression. 
Finally, it is of interest to be somewhat more de- 
tailed about the position and extent of the trans- 
gression between the ?Lower and the ?Middle Oligo- 
cene. It was found that the *Middle Oligocene reef 
“ eycle ” was very likely deposited under tectonically 
stable conditions. Nevertheless, it was postulated 
that a transgression separated it from the ¢Lower 
Oligocene. A somewhat unusual configuration is 
argued therefore, that the effect of the actual trans- 
gression which “ triggered ”’ the ?Middle Oligocene reef 
“* eycle ’’ was finished before the reef started growing 
again. Thus, the transgression itself was of relatively 
short duration and stable conditions replaced the 
downward movement after only a relatively short 
length of time. 
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FIG. 35: CORRELATIONS, CROSS-FACIES SECTIONS & 
EXTENT OF REEF BELTS DURING THE OLIGOCENE IN THE 
KIRKUK, BAI HASSAN & QARAH CHAUQ DAGH ANTICLINES. 
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There are, in fact, some arguments for this idea : 

A transgression during the ?Middle Oligocene would 
produce a more or less continuous sheet of con- 
glomerates below the ¢Middle Oligocene “‘ cycle.” 
But a transgression of limited duration between the 
“* eycles ’’ would produce only a conglomerate near the 
coast. The mid-Oligocene conglomerates found are 
confined to the area between wells K-18 and K-93, the 
coastal area in fact. 

It is correct to say that it is possible that conglo- 
merates which are found marginally may change their 
facies seawards into unrecognizable material. In the 
present case that argument cannot hold. If indeed 
the ¢Middle Oligocene was slowly transgressive, at 
any one moment a conglomerate will be formed along 
the then strand-line. Because the strand-line shifts 
upshore, the conglomeratic belt will do likewise. At 
the end of the transgression therefore a complete con- 
glomeratic ‘“ sheet” wiil underlie the subsequent 
deposits. No such conglomeratic layer was found. 
It is therefore assumed that there is none, and that 
assumption is made with some reason because of the 
many points of observation. Evidence of a trans- 
gression during the ?Middle Oligocene sequence is 
therefore non-existent, whereas the evidence which 
does exist points clearly to a transgression between 
the two “ cycles.” However, the argument based on 
the distribution of these conglomerates is weak because 
in general they are thin, and consequently they may 
have been swept away by subsequent wave action. 

There is a faunal argument as well which is of some- 
what more value. If the transgression occurred dur- 
ing the ?Middle Oligocene it is to be expected that the 
younger sediments encroach farther upon the land 
than the older ones. Thus, the Dendrophyllum zone 
and the kirkukensis zone should reach farther towards 
the north-west than the paucialveolata zone and the 
delicata zone. In the fore-reef facies the Lepido- 
cyclina—N ummulites zone (it is known that the Lepido- 
cyclina zone is younger than the Lepidocyclina- 
Nummulites zone from BH-3, where the first occurs 
on top of the second, see p. 257). 

It can be seen from the various diagrams that that is 
not the case. It is agreed that removal of the top of 
each “ cycle” by subsequent transgression of part or 
all of the kirkukensis and Dendrophyllum zones may 
produce the present configuration. But that does 
not apply to the distribution of the fore-reef zones. 
At all times, the fore-reef zones were protected against 
erosion by the overlying back-reef. And the pale- 
ontological stratigraphy of the fore-reef of the Middle 
Oligocene sequence does not show the younger strata 
to reach farther towards the north-west than the older 
ones. This configuration must be primary, and can- 
not be the result of erosion or any other action of 
subsequent factors. 

A final argument is the succession within the 
¢Middle Oligocene, which shows clearly an emigrating 
reef with a back-reef of generally less than 100 ft 
thickness (see p. 247). 

The stratigraphy within the ‘Middle Oligocene 
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therefore suggests deposition of the younger strata 
farther away from the shore than the older strata. 
Such stratigraphy cannot be reconciled with deposition 
under transgressive conditions. 

Nevertheless, there is strong evidence for a trans- 
gression below sediments of the ?Middle Oligocene 
sequence. The conclusion, inevitably, must be that 
the effects of that transgression had worn off when the 
reef started growing again during the ¢Middle 
Oligocene. 
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CORRIGENDUM 
A LEGAL DEPARTMENT IN AN OIL COMPANY 


Page 164, Footnote, left-hand column to read 
* Romford Ice & Cold Storage Co. Ltd. v, Lister (1955) 3WLR 659. 
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Gh | ; INSPIRATION NEVER HURT 
A CONSTRUCTION PROJECT 


The quality of inspiration is of vital impor- 
tance to the builder. Here at PROCON our 
men are well imbued with it. But, to this 
creative sense, we add those essential quali- 
ties of broad experience and sound technical 
knowledge so necessary for the satisfactory 
completion of any project, on time, and to 
every specification. 


It is this combination of skills that makes 
us confident PROCON can provide to the 
fullest measure, reliable, efficient service in 
the planning, engineering and construction 
of your refinery, petrochemical or chemical 
plant. We are proving this, the world 
around, day after day. 


PROCON 


BUSH HOUSE, ALDWYCH, LONDON, W.C. 2, ENGLAND 
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WORLD-WIDE CONSTRUCTION FOR THE PETROLEUM, 
PETROCHEMICAL, AND CHEMICAL INDUSTRIES 
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The"extra bitin a Hughes bit box 


Into every Hughes bit box is packed... 
e the industry’s greatest worldwide rock bit experience. . . 
gained in drilling over 1,000 million feet of hole; 
@ 45 years of specialized research 
devoted to improving rock bit performance; 
® consistent quality made possible by the industry’s 
most advanced rock bit manufacturing facilities. 


This combination of experience, research and manufacturing skill, 
plus integrity puts the “extra bit” into every Hughes bit box. 


BRITISH MANUFACTURING SUBSIDIARY - Hughes Tool Company, Lid., 
Barclays Bank Building, 73 Cheapside, London, England 
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insulation in excelsis 


This is thermal insulation at its most efficient. CAPOSITE 

grips piping so securely there are no airgaps, no draughts, no sagging. 
This rigid, precision-made, moulded asbestos material 

conforms exactly to any contour, is permanent and 

withstands severe vibration. Moreover tests have 


shown that CAPOsITE is the thermal insulation material 


CAPOSITE. 


Amosite Asbestos Blocks and Pipe Sections 


with the lowest annual charge. * 
* annual heat loss value plus 


financial depreciation. 


Capt 
THE CAPE ASBESTOS COMPANY LTD « 114 & 116 Park Street, London, W.1 « GROsvenor 6022 
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© Profits 
in Petroleum Processing 


‘The investor wants results—and wants them quickly. Not until the petrochemical producer starts to 
produce, or the refinery is put on stream, does he see any return on his investment: and as a result 
he measures the efficiency of an engineering organisation by the time which elapses between the 
signing of the contract and the first production from the plant. 
The Kellogg organisation is at the service of industry anywhere in the world. Customers 
: know that by entrusting their engineering requirements to Kellogg they are drawing on 
fifty years’ experience with processes and process equipment, on a reputation for 
flexibility and economy in planning, and on unrivalled facilities for construction, 
procuring of materials and skilled labour, and training of local personnel. In 
addition, there is the unique background provided by the,Kellogg associate 
companies, with their wide knowledge and full understanding of the local 
problems facing petroleum processors throughout the world. 
NN The Kellogg International Corporation staff is in the unique position 
LN ~ of being able to draw on this unmatched reservoir of world-wide 
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experience, but at the same time execute at Kellogg House, 
London, the engineering, procurement and construction plan- 
WW : ning for plants in Europe, the Middle East, the Far East 
Myy lI) b and the United Kingdom. In addition the K.I.C. staff 
assists the sister Kellogg organisation in other parts of 
the world by procuring material in the United 
Kingdom and shipping it to foreign construction 
sites. 

You are invited to consult with the Kellogg 
International Corporation concerning 
your problems of petroleum refining 

or petrochemical processing. 
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ELECTRIC MOTORS 
. and associated equipment 
a FOR THE OIL INDUSTRY 


Metrovick Engineers have made an extensive 
study of motor, control gear and switchgear 
problems in the Oil Industry. Results of this 
‘ experience are crystallised and arranged for easy 
' reference in this fully illustrated 197 page book. 
Information given includes a selected choice of 
motors and associated equipment both flame- 
: proof and non-flame proof, with rating lists and 
: dimension tables. Useful general details of rotor 
drives and maintenance are also included. 
Senior personnel associated with oil and chemi- 
cal industries are invited to write for publication 
7765/2. 


METROPOLITAN -VICKERS 


ELECTRICAL CO TRAFFORD PARK MANCHESTER, 17 { 


Member of the A.E.1. group of companies 


Motors for the Oil Industry 
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iNustration shows extensive range of heat 
exchanger monufacture in our Paisley Works 


Heat Exchanger design and manufacture— 
including Capacity Rating—has always formed 
an important part of the Craig Compre- 
hensive Service to the Oil industry. Vessels 
and units for a variety of refinery purposes 
are made by us either to customers’ or to 
our own designs. 


A. F. CRAIG & COMPANY LIMITED 


Caledonia Engineering Works PAISLEY SCOTLAND Tel: Paisley 2191 


Londor: Office : 727 Salisbury House, London Wall E.C.2 Tel; National 3964 
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but not a drop in the fuel 


There’s a gallon or two up the spout—but no water in the fuel. Where’s 
it gone? Down into the sump of a Simmonds Separator Filter. Solid ' 
contaminants go too; in fact, a Simmonds Filter makes short work of the whole 
business of water-from-fuel separation. Two types of separators are made— 

FRAM units (for aircraft refuelling) combine 100° water separation with filtration 
of solids down to 5 microns. EXCEL-so units (for refineries, pipelines or bulk 
handling) also efficiently separate water from hydrocarbon fluids and remove 
solids down to 40 microns. Both units do the job automatically and 


continuously—without fuss and at low cost. You can have either in a wide 


range of fiow rates for working pressures up to 150 p.s.i.—or higher if needed. 


SIMMONDS SEPARATOR FILTE 
give clean, water-free fuel for aircraft 


FRAM SEPARATOR FILTERS ARE FULLY APPROVED BY THE MINISTRY OF SUPPLY 
Enquiries to: Simmonds Aerocessories Ltd., Byron House, 7-8-9, St. James’s Street, London, S.W.1. Whitehall 5772 
Head Office & Works: Treforest, Pontypridd, Glamorgan. A MEMBER OF THE FIRTH CLEVELAND GROUP fo) 
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for better gasolines! 


Here at UOP our research and engineering staffs 
have a perpetual green light in their search for better 


ways to develop better gasolines. 


We keep the green light on because improved 
motor fuels can only come as a result of continuous 
research—research that leads the way to new proc- 
esses and new techniques for the production of more 
efficient gasolines to power improved, high compres- 
sion automotive engines. 


Just as it has for more than forty years, the pe- 
troleum refining industry, world-wide, can continue 
to depend upon Universal for the research that 
will provide constant improvement in products 


from petroleum. 
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UNIVERSAL OIL PRODUCTS COMPANY 
30 ALGONQUIN ROAD, DES PLAINES, ILLINOIS, U. S. A. 

Forty Years Of Leadership In Petroleum Refining Technology 


REPRESENTATIVE IN ENGLAND: F. A. TRIM 
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COMPRESSOR & POWER PLANT SPECIALISTS FOR NEARLY A CENTURY 


BROTHERHOOD 


VERTICAL AND HORIZONTAL 


STEAM TURBINES 


FOR DRIVING PUMPS, ETC. 


Wide range—All types. 
Over 50 years’ experience. 
Hundreds in hand— 
thousands in service. 


BROTHERHOOD 


COMPRESSORS 


Air, Gasand Refrigerating. 


The widest range in the 
British Empire—made tosuit 
your requirements. 

Thousands in service. 


BROTHERHOOD 
GENERATING SETS 


Turbine driven up to 

11,000 kw. 

Engine driven up to 340 kw. 
Scores in hand, hundreds 
in service. 


BROTHERHOOD 
REFRIGERATING PLANT 


Ammonia, CO,, Freon, SO,, 
Methyl! Chloride. Wide range 
—single and double acting— 


one or more stages. 


Made to measure for 
special duties. 


also Manufacturers of all kinds of 
PLANT TO CUSTOMERS’ OWN DESIGNS 


WHY NOT SEND YOUR PROBLEMS TO US? 
We shall be pleased to investigate them confidentially 


FOR 
HIGH 
TEMPERATURE 
SERVICE 


Conforming to B.S.S. 1750-1951, Stud Bolts and Nuts 
are being supplied by Rubery Owen to all the principal 
Oil Companies and Refinery Equipment Manufacturers 
in ever increasing quantities. Special production facilities 
have been planned to suit every requirement to both 
British and American Standards with either Unified or 
Whitworth Threads. 


RUBERY OWEN 


STUD BOLTS AND NUTS 


RUBERY, OWEN & CO., LIMITED 
P.O. BOX No. 10, DARLASTON, WEDNESBURY 
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CLARSOL 


Bentonites 


POROSIL 


Kieselguhrs 


PYRO-ISOL 


Refractory Insulating 
Bricks 


ACTICARBONE 
Activated Carbons 
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Activated Earths 


CLARCEL 
Filter Aids 


CECACITE 


Desiccants 
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Refining Code 


Part 3 of Model Code of Safe 
Practice in the Petroleum Industry 


Complete with 3-ring binder to 
hold four parts of complete code 


Price 28s. 0d. post free 


(Supplied together with 
Marketing Code at 40s. 6d.) 


Obtainable from 


The Institute of Petroleum 
26 Portland Place, London, W.1 
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Sept Trading Co. L Mar 
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New Mersey Tunnel 
as-Main 
ultiwelded 

Lincoln 


The 18” steel main laid under the 
Mersey Tunnel went into operation on March 
15th, linking Wirral to the Lancashire-Cheshire 
Gas grid. 

Laying the main presented many intricate 
problems to contractors Wm. Press & Sons Ltd. 
of Tottenham. All plant had to be stripped 

and rebuilt on the almost inaccessible site. The 
18’ lengths of pipe had to be manhandled 
through a 30” x 40” manhole. At each end, the 
pipe-line had to be brought up by twisting 
passages through ventilating shafts. The welding 
specification was stringent. Yet the completed 
main is undoubtedly one of the most perfectly 
welded pipelines ever constructed. For Lincoln 
Multiweld O.V. was extensively used, and the 

advantages of this new versatile electrode are very clearly AND THIS IS HOW MULTIWELD 0.V. ARE PACKED 


seen when the job is a difficult one. 


Many companies are changing to Multiweld O.V. Multiweld O.V. come to you in a 
which produces deeper penetrating welds in the overhead, sealed moisture-proof and airtight metal container 
vertically upwards and downhand positions, with the which keeps them absolutely dry. 


same consistency. At the same time it gives a first-class 


flat and smooth weld appearance without undercut 
and witha cote PLEASE WRITE to Dept. P.B. at the address below, 


de-slagging time to the minimum. or ask your Lincoln Field Engineer 
to demonstrate Multiweld 0.V. in your works. 


MULTIWELD 


British made 


LINCOLN 


Largest manufacturers of 
D.C. Welders in the United Kingdom 


. 


J 


LINCOLN ELECTRIC CO LTD - WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 920 
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MARSTON EXCELSIOR 
SERVE THE CHEMICAL INDUSTRY 49 


These 52 ft. Towers, each weighing 10 tons, the Heat Exchangers 
and connecting pipework illustrated in this photograph were 
fabricated in aluminium alloy by Marston Excelsior Ltd., for 
I.C.1. Billingham Division. This is one of the specialised 
products and comprehensive service which Marston's 

provide including: 


Light Alloy Fabrication 
Specialised Engineering Assemblies 
Laminated Plastic Components 
Flexible Tanks 

Radiators and Heat Exchangers. 


Marston’s have unrivalled experience in the fab- 
rication of light alloys, and their products have 
earned a world-wide reputation for efficiency 
and complete reliability. 


MARSTON EXCELSIOR LIMITED 
(A subsidiary of imperial Chemical Industries Ltd.) 
FORDHOUSES, WOLVERHAMPTON. 

Tel: Fordhouses 2181 MAR. 168 
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STATIC . . and MOBILE 
responsibility for petroleum and fuel oil in bulk is in good hands 

when passed to Butterfields. At any given time, below ground and above, many — 
thousands of gallons of petroleum and fuel oils are in the safe keeping of . . . 


Butterfield srorace tanks & ROAD TANKS 


BUILT TO YOUR PLANT ENGINEER'S SPECIFICATION 


full particulars from W. P. Butterfield Ltd P.O. Box 38 Shipley Yorks Tel 52244 (8 lines) 


Branches LONDON Te/ HOLborn 2455 (4 lines) BIRMINGHAM Tel EAS 0871 BRISTOL Tel 26902 
LIVERPOOL Te! CENTRAL 0829 MANCHESTER Te/ BLACKFRIARS 9417 NEWCASTLE-ON-TYNE Tel 23823 
GLASGOW Te! CENTRAL 7696 BELFAST N.1. Te! 57343 DUBLIN Tel 77232 
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“ Newallastic ’’ bolts and studs have qualities which are absolutely unique. 
They have been tested by every known device, and have been proved to 
be stronger and more resistant to fatigue than bolts or studs made by 


the usual method. 
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POGSILPARR GLASGOW 
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